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ABSTRACT
The potential usefulness of Apollo 9 space photography and sequen-
tial high altitude NASA aircraft photography for evaluating natural and
cultural resources in Southeastern Arizona has been studied during the
past two years by personnel of the Forestry Remote Sensing Laboratory,
University of California, and the Range Management Department, Oregon
State University. This research has been encouraged and supported by
the NASA Earth Resources Survey Program as part of an ongoing attempt to
utilize aircraft and spacecraft imagery for earth resources studies.
Results of this research w i l l be used to define analysis procedures for
handling data from the Earth Resources Technology Satellite to be
launched early in 1972.
Techniques for estimating agricultural crop acreage have been devel-
oped for Maricopa County, an area containing over 500,000 acres of
cropland. Major aspects of the study included: (1) collection and use
of accurate ground data; (2) determination of the optimum film-filter
combination and photo dates for identifying particular crops; (3) perfor-
mance of photo interpretation over a large geographic area; (A) adjust-
ment of survey estimates; and (5) evaluation of survey results in light
of user requirements. During 1970, a survey for barley and wheat acreage
in Maricopa County was performed. Low sampling errors (11% for barley
and 13% for wheat) and rapid image interpretation time (90 hours total
time for training and interpretation) suggest that the technique could
be employed operationally in the near future.
In addition, a descriptive legend system is described for mapping
native vegetation, macrorelief and landforms. This has been expanded
from an earlier version so that it now includes classification categories
for agricultural and urban land use as well as for native vegetation
units. The application of this legend system on a regional basis has
resulted in the preparation of a map of "Natural Vegetation Resources,
Agricultural and Urban Land Use" of a large portion of Maricopa County,
Arizona. A copy of this map is included in this report. The application
of this legend system was also tested by personnel of the Bureau of
Land Management who used it successfully to map a portion of their
California Desert test site.
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PART 1
ANALYSIS OF TECHNIQUES FOR AGRICULTURAL RESOURCE INVENTORY
AND LAND USE DELINEATION
by
Lawrence R. Pettinger
W i 1 1 f a m C. Draeger
Andrew S. Benson
INTRODUCTION
During the past two years, regional resource inventory techniques
have been developed for Maricopa County, Arizona (NASA Test Site #29,
see Figure 1-1). This endeavor began early in 1969 when excellent
multiband photography of central Arizona was obtained from the Apollo 9
spacecraft. Coincident with and subsequent to the flight of the space-
craft, high altitude aircraft photography also was obtained. During
1969, 35 mm and HyAc panoramic photography was periodically procured.
Beginning in December, 1969, and continuing to the present, the NASA
RB57F aircraft (with Hasselblad, RC-8 and Zeiss cameras aboard) has been
used to acquire photographic coverage of the test site. Table 1-1 con-
tains a summary of the dates of acquisition and types of photography
obtained.
The general objective of the studies dealt with in this report has
been to determine the value of space and aerial photography such as
that described above for performing natural resource inventories. These
two types of imagery have been compared in terms of their usefulness
for delineating meaningful boundaries between resource features. In
addition, a map of broad land use has been prepared from the Apollo 9
Infrared Ektachrome space photography. This map was evaluated by
MARICOPA COUNTY
EXTENT OF NASA
PHOTO COVERAGE
Figure 1-1. The location of Maricopa County (NASA Test Site #29) is
indicated on this map of the State of Arizona, as well as the areal
extent of NASA-obtained photographic coverage for each mission during
1970. The location of the city of Phoenix (crosshatched area) and agri-
cultural land (shaded area) is also shown. The remainder of the county
is composed of extensive wildland areas which are important for their
watershed, recreation, and animal habitat values. Note that much of
the land in these three categories (urban, agricultural and wildland)
is contained within the area photographed and therefore suitable for
study on a regional basis.
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comparison with field data and aircraft photography. It was determined
that broad land use mapping could be adequately performed on photographs
of Apollo 9 quality.
Since meaningful units of land use could already be defined for
agricultural land in Maricopa County (i.e., individual fields, each
containing a specific crop type, could be easily distinguished one from
another), techniques for crop identification and crop inventory (esti-
mation of total acreage of each crop type for the entire county using
small scale aerial photography) could be developed immediately. How-
ever, since landscape elements in the wildland environment could not be
so easily defined as in the agricultural situation, the task of devel-
oping a descriptive legend for mapping wildland areas had to be-under-
taken first before survey methods could be developed for the analysis of
the wildland resources. Therefore, the thrust of the effort reported
upon in Part 1 relates to survey design and evaluation for agricultural
lands, while Part 2 is concerned with the development of a descriptive
legend system for mapping native vegetation, macrorelief and landforms.
The legend system which is described in Part 2 has been expanded from an
earlier version so that it now includes classification categories for
agricultural and urban land use as well as for native vegetation units.
The application of this legend system on a regional basis has resulted
in the preparation of a map of "Natural Vegetation Resources, Agricul-
tural and Urban Land Use" of a large portion of Maricopa County, Arizona.
A copy of this map is included in this report. Statistics relating to
the acreage of each resource category can be derived from such a map,
and map stratifications can be used to select areas in which to perform
detailed resource evaluations using field sampling and large scale
aerial photography.
RESEARCH STUDIES CONDUCTED
Several tasks were performed prior to the use of the large volume
of available photographic data for developing agricultural inventory
techniques. These tasks are summarized in Table 1-2 where reference is
also made to the specific air photo missions which were used for each
task and the publications in which each task is reported upon.
A comparative evaluation of 1969 photography was made to determine:
(1) the image characteristics of the major crops on each type of imagery,
(2) their sequences of crop development, and (3) at what time(s) each
crop category would best be discriminated from all others on aerial or
space photography. Ground data were collected in 2 pilot plots to faci-
litate making these evaluations. The black-and-white multiband photog-
raphy taken both from aircraft and spacecraft was used as input material
to prepare optical and electronic image enhancements. These enhance-
ments as well as representative multiband and Infrared Ektachrome
photographs were examined by photo interpreters to determine which
date(s) and image type(s) might be most suitable for crop discrimina-
tion. The results of these studies, as well as evaluation of geologic
and native vegetation resources in Maricopa County, have been reported
earlier (Colwell, et al., 1969; Pettinger, 1969; Pettinger, et al., 1969)
With the background information from the 1969 crop studies, efforts
during 1970 were oriented towards using NASA imagery to perform a semi-
operational inventory of certain particular crop types. The following
activities were undertaken:
1. Expansion of the area photographed by the NASA RB57F aircraft
to include nearly all the agricultural cropland in Maricopa County (see
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Figure 1-1).
2. Selection of a large number of field plots located throughout
the agricultural area photographed to improve the usefulness of ground
data in performing a regional inventory.
3. Development of an automated capability for storing and retriev-
ing all ground data information (data collected for over 80,000 acres
at each photo date).
^». Selection of optimum image type and dates for performing a sur-
vey for barley, wheat and total cropland acreages (relying in part upon
information from 1969 studies) in Maricopa County.
5. Training of photo interpreters and determining the survey pro-
cedures to be employed.
6. Adjustment of photo interpreter estimates using ground data in
selected areas.
7. Discussions with persons and agencies in Maricopa County
("potential user groups") as to the relative merits of the survey in
contrast to conventional data collection techniques.
Certain aspects of these activities have been reported upon in
earlier publications (Draeger, et „al ., 1970; Draeger and Pettinger,
1970). However, some of the techniques have never been fully described.
Therefore, the body of Part 1 w i l l deal with each of the major aspects
of a semi-operational survey as performed for barley and wheat.
PRELIMINARY TESTS
Detailed field studies were begun in two areas south of Mesa,
Arizona in~March, 1969 at the time of the Apollo 9 overflight. A 16
square-mile area containing more than 125 individual fields was chosen
as the primary study area. This site was chosen because (1) it was
contiguous, (2) it was easy to reach for gathering crop data on a field-
by-field basis, (3) it contained many of the important crop types found
in the Phoenix area, and (k) it was imaged clearly on the Apollo 9
imagery as well as on most of the photos taken during subsequent air-
craft missions. Additional data were also gathered during 1969 for
another area of some 22 square miles (more than 250 fields) located in
the same general region.
These two areas, totaling over 2^ ,000 acres of agricultural land,
were monitored at the time of each photo mission so that distribution
and variability of crop type, crop development patterns, and crop signa-
ture could be adequately assessed. Coincident with each aircraft
mission, each field was visited on the ground and notes were collected
regarding crop type, condition, height of stand, and approximate percen-
tage of ground cover.
An interpretation test was devised to establish whether crop type
could be determined with greater accuracy using small scale Nikon air-
craft photography than with Apollo 9 Hasselblad space photography. It
was determined that overall interpretation results for crop identification
were quite similar for both types of photographs (Carneggie, et al. ,
1969). Although the resolution of the high altitude photographs was
greater than that of the space photographs of the same area, the
improvement was not sufficient to permit detection of image detail
which is necessary for increased accuracy of crop identification. For
this reason, it is believed that valid inferences regarding the inter!
pretation of crop type on space photography of Apollo 9 quality can
be drawn from the conclusions based on studies of high altitude ai r!
craft photography.
The most serious limitation to developing useful crop identifica!
tion techniques lies in the variabilit y of crop type and cropping
practices. Any factor which affects the distribution, development
and vigor of a crop w i l l affect its photographic signature, and thus
may influence the success with which that crop can be consistently
identified. Thus some a priori knowledge or assumptions regarding
these factors is necessary before practical interpretation, techniques
can be developed. Our conclusions regarding these factors were as
fо 11ows:
1. Crop type and distribution. It is generally true that agricul!
tural practices in an area are relatively stable and that totally for!
eign crops are rarely introduced. For this reason, interpretation keys
can be devised for particular crops in a specific area with little fear
that certain crops w i l l totally disappear or that new crops w i l l suddenly
be introduced in large number. These generalizations were found to be
valid for the main crops grown in Arizona during a recent ^!year period.
2. Seasonal development. Documentation of the seasonal devel!
opment of crops is important for determination of optimum times of the
year for crop type discrimination. Both within!season and between!season
variability w i l l affect the specification of optimum dates for
obtaining photography. Knowledge of crop sequences and of the variations
10
which affect these sequences must be understood. For agricultural .
areas, the cyclic changes and the approximate dates when they occur
are best summarized in a table or chart known as a "crop calendar".
Tone values of individual fields (as seen on photographs of a given
date) can be related to the stage of maturity of the crops on that
date, as summarized in the crop calendar. The calendar can then be used
to determine either (l) at what single date a particular crop type has
a unique signature that could be discriminated from signatures of all
other crops, or (2) what combination of dates for sequential photography
would best permit identification of that crop type.
3. Crop signature. Since l i t t l e field detail is discernible at
the scale and resolution of the high altitude Nikon photographs which
were studied during 1969, photographic tone or color became the criti-
cal factor for identification. Either unique spectral signatures must
exist at one date so that individual crop type can be identified, or
else sequential patterns of tone or color must exist such that crop
type can be distinguished on the basis of changing patterns (i.e., bare
soil to continuous cover crop to bare soil) at particular dates through-
out the year.
Interpretation tests were administered to determine the value of
multidate and multiband photography obtained during 19^9 for crop
identification. Results of these tests were as follows: (1) similar
accuracies of crop identification were obtained from Apollo 9 and high
altitude photographs, (2) better results were generally obtained from
Infrared Ektachrome photos than from Panchromatic-25 photos, (3) improve-
ment in percent correct identification resulted from the selection of
1 1
specific date(s) for particular crops (e.g., May for identifying bar-
ley), and (k) the concurrent identification of crop types using March
12, April 23 and May 21 Infrared Ektachrome photographs produced the
most substantial improvement in overal1 identification.
12
GROUND DATA COLLECTION AND USE
During the preliminary evaluation phases of the Phoenix studies
conducted during 1969» ground data was used to develop a crop calendar
and to evaluate photo image characteristics of the major crop types.
After the decision to perform a county-wide semi-operational survey
was made, the ground data collection effort was magnified accordingly.
It was realized that the pilot plots (i.e., the 16 and 22 square mile
test areas) would not provide enough data to cover the range of varia-
b i l i t y to be encountered in the county, in terms of the distribution
as well as the appearance of each crop type.
Stratification of the agricultural land on an Apollo 9 Infrared
Ektachrome space photo was performed with the intent of reducing the
variability due to crop distribution. Thirty-two permanent field plots,
each containing four square miles of cropland (2 miles by 2 miles) were
allocated to the eight delineated strata on the basis of proportional
areas (Figure 1-2). Choice of the number of plots was based partly on
economic constraints. The total acreage of these plots is in excess
of 80,000 acres, or about 15% of the total agricultural land in the
county. Plot size was selected so that each plot was large enough to
minimize travel time between plots (i.e., small plot size would require
a larger number of plots), yet small enough to permit several plots
to be field checked in one day (and such that enough plots would be
used to adequately represent the varied crop distribution and conditions
in the county). A crew of two or three persons, each working indepen-
dently, is required to perform a complete field check at the time of
each flight. A total of six man-days is required. Costs of performing
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such tasks are heavily dependent upon the proximity of the field plots
to the analysis facility, the ava i l a b i l i ty of vehicles, and the ease of
access within the survey area.
For collecting ground data, the following techniques are currently
used. As a convenience to field personnel, a map of each field plot is
prepared from existing photography (Figure 1-3). Permanent field num-
bers are assigned to each field. Each plot is visited by a field crew
at the time of each overflight. Information gathered in this manner
includes the category of crop growing in each field, its stage of mat-
urity and condition, the percentage of ground covered by vegetation,
crop height and direction of rows (if any). A numerical fraction is
used by field personnel to tabulate this information in an abbreviated
fashion. A description of the fraction as well as an example appear in
Figure 1-4. The fraction system has also been used to record the field
data for the sample plot in Figure 1-3- If necessary, additional des-
criptive comments can be added in the space allotted to each field. A
copy of the data for each plot from the most recent previous ground
survey is also carried so that on-the-spot comparisons can be made. In
this way, any inconsistencies or errors that have occurred can usually
be corrected.
The crop code which is used to identify each field contains the
same category list i ng as that established as part of the land use map
legend system (Appendix A-5). For ease in use, however, the numerical
representation is changed slightly. For example, alfalfa is defined
as 413-3 in the legend system. Since only agricultural areas are
included in the data bank, the 4 is eliminated. Also, the decimal
15
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И!14!70
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ЛЛЕ5А
COLLEGE
22 8Ю
24
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2!.S!2
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Figure 1!3! This map contains field data collected for plot 2, stra!
tum 9, one of the four!square!mile field plots in Maricopa County, at
the time of a NASA high altitude aircraft overflight (Mission 1^5:
November Й, 1970). The coded fraction in each field is explained in
Figure 1!4. Computer storage of survey data facilitates sequential
analysis of crop patterns as well as evaluation of photo interpretation
results. The data for fields 34, 35 and 36 in the above plot are
displayed in Figure 1!4. Note that the space allotted to each field
has a permanent field number and has room for recording all pertinent
field data. The very small areas which contain only a field number
are homes and farm buildings which do not change from date to date.
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CATEGORY CODE (PARTIAL)
100 Field and Seed Crops
111 Barley
11*» Sorghum (grain)
118 Wheat
133 Alfalfa
1*»2 Sugar Beets
151 Cotton
Vegetable Crops
Fruit and Nut Crops
331 Grapefruit
335 Orange
Livestock
500 Animal Specialties
600 Pasture and Rangelands
610 Pasture
620 Rangelands
Horticultural Specialties
200
300
CONDITION CODE
1. Seeded
2. Young
3. Mature
Ц. Dry (not harvested)
5. Cut Back (e.g., alfalfa)
% COVER CODE
700
800
900
Non!producin g and Transition
Cropland
810 Fallow
820 Plowed
850 Harvested
860 Prepared
Other Uses
920 Farmhouses and Adjacent
Bui Idings
930 Agricultural!related
Activities
1.
2.
3.
Ц.
5.
80!100%
50!80%
20!50%
5!20%
0!5%
HEIGHT. Indicate average
crop height in feet and
tenths.
ROW DIRECTION CODE
1..
2.
3.
N!S
E!W
NW!SE
NE!SW
Figure 1!A. The fraction at the top of this page represents a typical
field code as recorded by ground crews gathering information pertaining
to the field plots. The example shown is a mature alfalfa field one
foot in height, with 50!80% ground cover and rows running in a north!
south direction. The complete category code i.s quite lengthy and
therefore not reproduced here. Only the major headings (100, 200,
etc.) and a few sub!headings which are common to the Phoenix area are
presented. This system provides a useful method of abbreviated data
recording, and is compatible with the computer storage capability that
has been developed. Note that there is a slight deviation from the
legend system as it appears here and in Appendix A!5! The decimal
point has been removed and the number k is deleted from each entry
above. Thus, for example, cotton is listed as 151, corresponding to
^15!1 in the legend notation. These changes were made for ease in
field data collection only.
17
point is not used. Therefore, alfalfa appears as 133 rather than
413-3 in the category code (Figure 1-4), on the sample field data sheet
(Figure 1-3), and on the sample computer printout (Figure 1-5).
The agriculture portion of the lengend system described in this
section as well as in the land use/vegetation type map is the result of
adaptations of existing coding systems. The crop category code is an
adaptation of a coding system originally developed by the U. S. Govern-
ment for categorizing land use (U.S. Department of Transportation, 1969)
and subsequently refined for specific use in agricultural land use map-
ping by researchers at the University of California, Riverside (Johnson,
et al., 1969)- This nomenclature and coding has worked well in all
agricultural areas in the Southwestern United States studied so far.
Also, the code has been smoothly integrated in the general land system
defined for land use studies (Appendices A-5 and A-6).
Validation of photo interpretation results requires that the above-
mentioned kinds of information be collected. However, if some other
type of imagery (i.e., thermal infrared data) were to be used for a
survey, then perhaps soil moisture data and some radiometer measurements
might be necessary. Or if an automated scanning device were to be
employed, then some indication of within-field v a r i a b i l i t y (i.e., bare
spots, flooding, areas of low vigor) should also be noted. Since it is
difficult to identify or locate these conditions when viewing from one
or two points at the edge of each field while on the ground, a light-
aircraft can be used to obtain low altitude oblique aerial photographs
of each field plot. Experience has shown that such photography may
disclose unusual conditions that might be obscured from view at ground
18
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level. For this reason, oblique photography has been obtained for
selected field plots on certain dates.
Field data are punched on computer cards in order to facilitate
future access to this information. Programs have been written which
make possible the compilation of data by stratum, field plot, crop type
and date, and which provide for subdivision or consolidations of fields
over time. Thus, data are available not only for each date of photog-
raphy, but for the sequential changes in crop type and condition through
the growing season as well. An example of the computer printout for
a few fields from one field plot appears in Figure 1-5. Note that data
has already been accumulated for twenty separate dates between March,
1969, and November, 1970. It is a decided benefit to develop a sys-
tem which can expand in proportion to the quantity of data being stored.
If very small quantities of data are to be collected and handled,
an automated storage procedure may not be required. However, if the
number of field plots may expand in the future, or if repeated collec-
tion in the future is planned it may well be worthwhile to institute a
similar computer capability at the outset.
A comment regarding amount and timing of information is relevant at
this point. For each type of survey, it must be determined which kinds
of information w i l l be necessary for future evaluation. For the Mari-
copa County study, the most important information was accurate determi-
nation of crop type, stage of growth, percent ground cover and any
additional comments regarding conditions. Timing of ground data collec-
tion efforts should also be evaluated closely. Given the objectives of
the Arizona study that have been described, the need to collect field
20
data at the instant of photography is physically and economically
impossible. In fact, deviations of a day or so can be tolerated. The
principal types of variations that may be of real concern are those
which involve harvesting or soil preparation. Changes in field appear-
ance due to those factors can be inferred by studying the imagery and
relating it to field notes taken at a known point in time before or
after the photo mission. Were some other more temporal phenomena being
monitored (e.g., soil moisture or surface temperatures), then ground
readings at or near the time of photography must be made. Careful
evaluation of the requirements for future analysis and the resultant
capability to coHect certain kinds of information w i l l result in
selection of the optimal set of ground data methods to be used.
21
DETERMINATION OF OPTIMUM FILM-FILTER COMBINATION
As discussed earlier, it was decided that a semi-operational
countywide inventory of one or more particular crops would provide the
most logical extension of the techniques i n i t i a l l y developed for only
one small portion of Maricopa County. The decision to perform this
survey for barley and wheat was made for the following reasons: (l) small
grains (of which barley and wheat are the only major varieties in Mari-
copa County) account for approximately 20% of the crop acreage in Mari-
copa County and thus are important crops for which agricultural statis-
tics are currently prepared using conventional techniques, (2) these
crops mature and are harvested within the first of the calendar year,
coincident with the time period for which monthly NASA aircraft missions
were scheduled during 1970 and, (3) our previous results indicated that
the highest percentage correct identification of any crop was achieved
for barley (90% using Infrared Ektachrome photos and 91% using Panchro-
matic 25 photos) by selecting the appropriate month (May) for conducting
the test. For these reasons, it was felt that a survey for barley and
wheat would provide the greatest opportunity for i n i t i a l success using
a previously untried technique. Plans for similar surveys for the other
major crops w i l l be undertaken in the future when the technique has been
refined.
Previous studies of multiband high altitude Nikon aerial photographs
of the Phoenix area (Carneggie, et al., 1969; Pettinger, et al., 1969)
indicated that, of the 19&9 photo dates available (March 12, April 23
and May 21), May photographs were best for identifying small grains;
also, of the film-filter combinations available — Infrared Ektachrome
22
(8*ЙЗ)/15, Panatomic!X (3bQQ)/25, Panatomic!X (3^ 00)758, and Infrared
Aerographfc (5^ 24)/89B !! Infrared Ektachrome/15 and Panatomic!X/25 pro!
duced the best photo interpretation results. The following table sum!
marizes the interpretation results obtained for the identification of
barley in the 19&9 study which used high altitude photography taken in
March, April and May, 1969 (there were not enough wheat fields in the
test area to design a valid test for that crop):
PHOTO INTERPRETATION TEST RESULTS FOR BARLEY IDENTIFICATION
ON HIGH ALTITUDE PHOTOGRAPHY (1969)1
% Correct
% Commission
Panatomic!X/25
March 12
3^
38
April 23
31
M
May 21
91
3
Infrared Ektachrome/15
March 12
33
3*»
April 23
57
2Ц
May 21
90
6
1
 Carneggie, et al., 19&9!
In the above table, percent correct data indicate the percentage of
actual barley fields in the test area that were correctly identified by
the interpreters. Percent commission data indicate the percentage of
the total number of fields identified as barley which were actually
some other crop type.
Studies of crop development patterns during early 1970 (data col!
lected from FRSL field surveys and extracted from Arizona Crop and Live!
stock Reporting Service newsletters) indicated that the small grain crop
was developing in a normal manner. Thus general conclusions based on
crop calendar information, which indicate that small grains are mature
and most easily distinguishable from other crops during the month of
May, were held to be applicable for 1970.
Although barley could be consistently identified on May 21, 1970
23
photos, wheat and alfalfa were sometimes confused. It was discov!
ered that the identity of fields in question usually could be estab!
lished by noting the appearance of these same fields on June 28, 1970
photos. For this reason, photos taken on May 21 and June 28 were ulti!
mately provided for the survey.
Previous conclusions regarding optimum film type were not totally
acceptable in terms of the 1970 survey. In addition to the four film
types tested using high altitude photos in 1969, a color film, namely
Ektachrome MS (2M8), was also available which had not previously been
evaluated. Also, the scales of the RC!8 photos (1/120,000) and Hassel!
blad photos (1/500,000) which were to be used in the survey were dif!
ferent from the Nikon photos (1/950,000) obtained in 1969; the resolu!
tion of the 1970 imagery was also improved. Because of these differences,
it was felt that a new test should be made, based primarily on May 21,
1970 photos, to determine the optimum film!filter combination for the
identification of barley and wheat.
The following film!filter combinations were tested:
CAMERA
RC!8
RC!8
Hasselblad
Hasselblad
Hasselblad
FILM/FILTER
Ektachrome MS Aerograph! с (2448)
Infrared Ektachrome (S0117)/15
Plus!X Aerographic (2402)/25
Plus!X Aerographic (2*»02)/58
Infrared Aerographic (2424)/89B
SCALE
1/120,000
1/120,000
1/500,000
1/500,000
1/500,000
It was realized at the outset that the scale differences between
RC!8 and Hasselblad imagery would probably affect the success with which
crop types could be distinguished. However, imagery at these two scales
represented all that was available. The scale difference was accepted
as another constraint within which the test must be administered.
Fifteen photo interpreters of equal a b i l i t y were randomly placed
in one of five three!man photo interpretation groups. Five four!square
mile test plots were chosen from thirty!two sample plots located in the
area (Figure 1!6). The photo interpretation tests were administered
so that (l) each interpreter group would interpret each of the five
film!filte r types, (2) each test plot would be interpreted using each
of the five film!filter types, and (3) no interpreter group would inter!
pret a test plot more than once. Thus each plot was interpreted fifteen
times for a total of seventy!five photo interpretation tests.
ц T
ec
t PlrM!c v 5 F/F Types 1 Interp. Group 3 Interpretations _
 ?l.;> lest riots x
 TesJ. plot x p/p Type * Interp. Group
 /5
Four additional plots were chosen which would provide training and
reference materials. These plots were selected from different parts of
the test site and represented a sample of the var i a b i l i t y which would
be encountered during the test as well as during the semi!operational
survey. These training plots were presented to the interpreters in pairs,
so that one plot in each pair could be studied with ground data for
familiarization, and the second could be used as a "practice test"
(without reference to ground data for that plot). Each interpreter
corrected each of his own practice tests, thus learning where correct
and incorrect identifications had been made. In each of the training
plots, the identity of the crop type in each field was made known so
that the interpreters could determine which other crop types were likely
to be mistaken for barley and wheat. It is to be emphasized that all
of the interpreters used in this experiment were skilled photo inter!
preters who previously had worked with tests of this type. Hence each
of them was asked to study the training material provided and decide for
25
Crop Type Map: Phoenix Plot 2!1
Date: May 22, 1970
CROP SYMBOL KEY
Photo Interpretation Answer Sheet
Phoenix Plot 2!1
a = Alfalfa
b = Barley
с = Cotton
fa = Fa 1 low
g = Grass
p = Pond
sb = Sugar Beets
w = Wheat
1 Mi le Ektachrome MS
Filter: HF3 + 2.2 A.V.
Infrared Ektachrome (SOU?)
Filter: Wratten 15
Plus!X Aerographic (2^ 02)
Filt e r : Wratten 25
Plus!X Aerographic (2^ 02)
FiIter: Wratten 58
Infrared Aerographic
FiIter: Wratten
Figure 1!6. Appearing in this figure are test images (obtained May 21, 1970), ground
data, and sample interpretation test results for one ^!square m i l e test plot. Ground
data, top left, were collected in conjunction with the high a l t i t u d e photo mission.
The Ektachrome and Infrared Ektachrome photos above are reproduced at the same scale
as the or i g i n a l transparencies. The black and white photos have been enlarged from
their o r i g i n a l scale (1/500,000) to match the color photos. Each of the test images
was interpreted by a group of three photo interpreters. Results from the Ektachrome
plot, as obtained by one interpreter (top left), are as follows (based on number of
fields): barley ! 85% correct, 8% commission; wheat ! 40% correct, 33% commission.
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himself which criteria would be used for crop identification.
After each interpreter had trained himself to interpret a particu-
lar film-filter combination, he began the interpretation of the test
plot assigned to him for that combination (each interpreter examined
each of the five test plots on a different film-filter combination).
Sample test results appear in Figure 1-6. That figure also contains
(1) photo examples of each of the film-filter combinations, (2) the
interpretation results for one of the three interpreters in the group
assigned to the Ektachrome image, and (3) the correct identification of
the fields in that plot.
For each of the five test plots a map showing field boundaries was
provided. Although a measure of the consistency with which interpreters
can estimate field acreage would be needed to evaluate results from the
semi-operational survey, it was decided that tests for identification
would be separated from tests for acreage estimation. In addition,
prior field delineation makes possible more rapid evaluation of crop
identification per se, for the interpreter is interested only in iden-
tity of fields and not their measurement. Training in these two tasks
would be given once the final team of interpreters (only three out of
fifteen who took the tests) was chosen for the semi-operational survey.
In order to ascertain the optimum film-filter combination for inven-
torying wheat and barley, the results of the tests were analyzed in
three ways: (1) mean-of-ratio variance analysis, (2) analysis of var-
iance for % correct, and (3) analysis of variance for % commission error.
Mean-of-Ratio Test: In the actual crop survey, the acreage esti-
mates by the photo interpreters were to be adjusted by using a mean-of-
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ratio estimator. This estimator is defined as:
actual, acreage of wheat (or barley)
~ interpretation acreage estimate for wheat (or barley)
This estimator is calculated for each of the thirty-two sample plots,
the mean of the ratios calculated, and the acreage estimation for the
entire survey area adjusted by multiplying by this mean. The optimum
film-filter type, therefore, is that in which the variance of ratios
is lowest (e.g., if the interpreter consistently interprets 60%
correct, the adjusted total w i l l be more accurate than if he fluctuates
between 70% and 90%) .
Variances of the ratios using each of the five film-filter types
under consideration were tested at the 5% level of significance. No
differences were found between the ratio variances for barley. For
wheat, however, Ektachrome, Pan 25, and Pan 58 constituted a homogen-
eous sub-group of low variance, with Infrared Ektachrome and Infrared
89B showing significantly higher variances. Thus, either Ektachrome,
Pan 25 or Pan 58 would be optimum for the operational survey under this
cri terion.
% Correct and % Commission Error Analyses: Analyses of variance
were run to ascertain whether there were differences (at the 5% level
of significance) between the film-filter types in terms of % correct
acreage and % commission error. If significant differences were found,
the types were to be ranked using Duncan's new multiple range test.
The film-filter types proved to be different in terms of both %
correct and % commission error for both barley and wheat, and hence were
ranked. The results are illustrated on the following page. Percent
correct is ranked with highest values at the top and % commission error
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with lowest values (and hence "best") at the top. However, types which
are included within the same bracket are not significantly different
according to Duncan's test at the 3S% protection level.
BARLEY INTERPRETATION
Correct Commission Error
Ektachrome
Infrared Ektachrome
Pan 25
Infrared
Pan 58
Ektachrome
Infrared Ektachrome
Pan 25
Pan 58
Infrared
WHEAT INTERPRETATION
% Correct
Infrared Ektachrome
Ektachrome
Pan 58
Infrared 89B
Pan 25 -
% Commission Error
Ektachrome
Infrared Ektachrome
Infrared 898
Pan 25
Pan 58
Based on the results of both the mean-of-ratio analysis and the
analyses of % correct and % commission error, Ektachrome film was chosen
as the film-filter type to be used for the operational survey. Although
in some cases it was not significantly superior to other film types, it
was the only type which was at least in the superior group in al1 tests.
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PHOTO INTERPRETATION TECHNIQUES
Based on a knowledge of the distribution and variability of crop
acreage obtained from field, data, tests were conducted regarding the
value of stratification on space photography, and the possibility of
sampling within the agricultural areas to obtain overall crop acreage
estimates for the county. An analysis of stratum variances indicated
that no significant differences existed between strata in terms of
acreages of major field crops, thus suggesting that stratification
would not improve acreage estimates. In addition, calculations indi-
cated that the acreage distribution of major crops was so variable
that for any plot size, extremely large photo interpretation samples
would be necessary in order to assure acreage estimates that would sat-
isfy accuracy requirements. For example, in order to estimate the
acreage of wheat with a standard error of ±10% of the total acreage
using a plot size of four square miles, a 75% sample would be necessary.
Thus, it was decided that the most efficient and realistic method
of estimating crop acreage would entail a 100% photo interpretation of
the agricultural areas, with ground data being gathered for thirty-two
four square mile plots only. In this way photo interpretation results
could be compared with the ground conditions on the field plots, and
the overall photo interpretation results adjusted as appropriate using
standard ratio sampling procedures.
Some problems were also encountered in the development of the
method of compilation of photo interpretation data. First of a l l , in
order to make a measure of interpretation accuracy, interpretation
findings must be tied to some actual unit of land area. However, the
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preparation of detailed field boundary maps from small scale photos
by the interpreter, while possible, would constitute an extremely time
consuming task. Also, the tabulation of interpretation data on the
basis of numbers of fields is not necessarily indicative of accuracy of
acreage estimates which in most cases is the item of interest to the
ultimate user. Furthermore, to evaluate "number of fields" data, the
researcher must assign arbitrary weight to "correct", "omission error"
and "commission error" values, a task which in many cases might best be
left to the discretion of the ultimate user of the information.
In order to avoid these problems while s t i l l collecting data which
would be as meaningful as possible, it was decided to require the inter-
preter merely to grid agricultural areas into regular square-mile cells
(thus making possible direct comparisons with ground data on the thirty-
two sample plots) and to tabulate estimates of the acreage of barley
and wheat in each cell without regard to the specific location of
individual fields.
The agricultural areas within Maricopa County were divided into
three nearly equal portions, with one interpreter assigned to each area.
The interpreters, chosen on the basis of high scores on preliminary
tests, were first trained using photos and ground data maps of areas
which they would not interpret later. Training included identification
of wheat and barley, and estimation of field acreage. Each interpreter
was provided with training examples from areas to be interpreted by
the other two interpreters. Hence, an interpreter was not able to
obtain prior information about areas he would examine later. This pro-
cedure was chosen under the assumption that the training examples would
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be representative of the area to be interpreted.
It must be stressed that the photo interpretation training phase
is one of the most critical with respect to the success of an entire
survey. It is mainly through the study of training examples that each
interpreter develops the capability to consistently identify each of
the resource features being inventoried. Although previous experience
w i l l generally enhance an interpreter's ability, adequate training is
important to give him confidence in performing his tasks.
The interpreters were then supplied with Ektachrome photos for
May 21 and June 16 (scale 1/120,000) of their test areas, as well as
maps indicating township boundaries. Each township (nominally a six-
mile square, but not invariably so because of ground survey errors made
many years ago) was located on the test photography and interpreted as
a unit, section by section. For each section the interpreter recorded
total acreage of wheat, barley, and all cropland. (Deductions from
cropland included farmhouse-barn complexes, freeways, major canals, and
general urban and developed areas, but did not include secondary service
roads or local irrigation ditches.)
So that the consistency of the three interpreters would be evaluated,
each interpreter was also asked to interpret an area that had been inter-
preted by the other interpreters. Some of this data is presented in
Table 1-3, in which mean acreage per square mile is tabulated for one
township (36 square miles) which was originally interpreted by PI#2
and PI#3. For various pairings of interpreter data, correlation coef-
ficients were calculated. For barley and wheat categories, all correla-
tion coefficients but one exceeded .80, indicating high correlations
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XPI#1 (trial 1)
PI#1. (trial 1)
PI#1 (trial 1)
PI #2
Y
Pl#l (trial 2)
РШ
PI#3
Р1П
в
w
SG
С
В
W
SG
С
В
W
SG
С
В
W
SG
С
(Acres/Square Mi le)
X
69.3
72.7
142.0
447.7
69.3
72.7
142.0
447.7
69.3
72.7
142.0
447.7
78.5
66.5
145.0
437.1
Y
80.0
69.9
149.9
453.9
78.5
66.5
145.0
437.1
58.8
85/4
144.3
455.1
58.8
85.4
144.3
455.1
r
.88
.88
.95
.99
.82
.87
.97
.99
.86
.88
.96
.98
.82
.77
.98,
.99
Table 1!3. Reinterpretation data for the Maricopa County barley!wheat
inventory are presented here. Tabulated above are values for mean
acreage per square mile of barley (B), wheat (W), small grains combined
(SG) and total agricultural cropland (C) as derived from Township IN,
Range 2W, Gila and Salt River Meridian. Correlation coefficients (r)
for the pairs of interpreter data indicated (X and Y values) have been
calculated. Note that uniformly high correlations resulted when PI#1
(trial 1) was compared to PI#1 (trial 2) as well as with PI#2 and
PI#3. Data for PI#2 and PI#3 were also favorably related.
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between results of the three interpreters. For small grain (barley
and wheat combined) and total cropland categories, the correlations
were even higher; all coefficients exceeded .95.
This data supports the statement that the interpreters were uni-
formly trained so as to look for the same image characteristics when
making crop identifications. Since comparable results were produced
from study of the same township by all three interpreters, there would
seem to be no effect of the area interpreted on overall results (i.e.,
interpreters can be assigned to areas on a random basis).
Occasional confusion between image characteristics for barley
and wheat occurred, but in addition, it was felt that two other factors
contributing to inaccuracy were interpreter fatigue and inability to
accurately estimate field acreage. The solution to the fatigue problem
would probably lie in l i m i t i n g each interpreter to fairly short periods
of interpretation (i.e., 2-3 hours) each day, with the remainder of the
day spent on other related activities. In addition, a work environment
entirely free of distractions is essential. In the operational appli-
cation of photo techniques to agricultural inventories, any pressing
time l i m i t imposed on the survey might be accommodated by using a large
team of photo interpreters. And, as each becomes highly experienced
at his task, the amount of interpretation time per day spent could
possibly be increased.
The problem of improving accuracy of acreage determination is more
difficult. Considering the large number of fields involved (more than
2,000 fields of small grains) very accurate measurement of field area
would be extremely time consuming. One solution, to be tested by further
studies conducted in the area, is to interface the interpreter with a
machine, and allow a photo scanning device to measure the area of those
fields which are indicated by the interpreter to contain the category
of interest.
The costs of a survey using photo interpretation cannot be directly
compared with those of current methods because of the difficulty in
determining costs of other agricultural surveys. Total time for both
training and interpretation was 91 man-hours, or about 30 hours for
each of the three interpreters. This average figure could probably be
reduced in the fully operational situation when the interpreters became
more proficient. In order to test for possible increases in accuracy
that might have resulted from each interpreter's gain of experience during
the survey, each interpreter was asked to re-interpret certain portions
of his area after completing the survey. While speed did increase, there
was no appreciable increase in accuracy.
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ADJUSTMENT OF SURVEY ESTIMATES
The results of the semi-operational survey were obtained in the
following manner:
1. Each interpreter's estimates of acreage of barley, wheat,
wheat and barley combined, and total cropland for the sample plots within
his area were compared with the actual acreages for each of the plots as
determined by on-the-ground surveys.
2. Ratios of actual acreages to interpretation acreages for each
category were calculated for each interpreter, and this ratio was used
to adjust the results for the entire area as estimated by each inter-
preter by the formula
Y, -Yp| XR
where Y. = estimate of total acreage of category within an interpreter's
area
Y-. = i n i t i a l photo interpretation of acreage within an inter-
preter's area
R = the correction ratio as derived from the sample plots.
3. The category estimates for the three interpreters were summed
to form a total county estimate.
k. Sampling errors were calculated for the various category
estimates by each interpreter as well as for the overall county esti-
mates in order to give an indication of the accuracy of the crop esti-
mates. In calculating the overall county statistics, each of the, three
interpreter's areas was handled as an individual stratum.
A summary of the survey results is presented below (Tables 1-4
through 1-7). Note that sampling error is presented as a percentage
Table 1-*t. Acreage estimates and sampling error for barley-wheat survey.
CATEGORY
Barley
Wheat
Barley and Wheat
All Cropland
TOTAL ESTIMATE (ACRES)
50, 0V*
41,714
92,207
452,000
SAMPLING ERROR
m
13%
8%
3%
Table 1-5. Ratio correction factors.
INTERPRETER
1
2
3
BARLEY
1.1225
1.1131
1.1234
WHEAT
.9846
.9012
.9388
BARLEY AND WHEAT
1.0481
1.0352
1.0309
ALL CROPLAND
.9913
.9809
1.0094
Table 1-6. Sampling error of photo interpreters.
INTERPRETER
1
2
3
Total Area
BARLEY
18*
30%
14%
m
WHEAT
17%
32%
21%
13%
BARLEY AND WHEAT
14%
16%
11%
00.o«
ALL CROPLAND
5%
3%
6%
3%
Table 1-7. Interpretation time.
INTERPRETER
1
2
3
Total
TRAINING TIME
8 hr. 55 min.
7 hr. 30 min.
6 hr. 30 min.
22 hr. 55 min.
INTERPRETATION TIME
26 hr. 20 min.
13 hr. 40 min.
28 hr. 05 min.
68 hr. 05 min.
AVERAGE TIME/TOWNSHIP
1 hr. 20 min.
1 hr. 03 min.
1 hr. 02 min.
1 hr. 08 min.
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figure (Tables 1!^and 1!7) calculated by:
Sampling Error % = S^/Y
where 5л = standard error of the estimated acreage
Y = estimated acreage.
A correction ratio greater than 1 indicates that the interpreter
under!estimate d the acreage of that cagegory, while a ratio less' than 1
indicates that he over!estimated the acreage.
The Basic language computer printout shown in Figure 1!7 shows in
detail the calculation of the corrected estimates for the strata of
individual interpreters and of the total adjusted population estimate
for the Arizona survey. For an operational survey, the development
and utilization of such a computer program is a time saving necessity.
The simple yet reiterative computations needed to obtain the results in
this example would require approximately 60 minutes of calculating and
copying time using a standard desk calculator. On the other hand, by
using a computer program, computation time is reduced to less than 10
minutes, complete computational accuracy is guaranteed if data input is
correct, and the results are presented in an orderly fashion.
The results of greatest interest are, of course, the estimated
acreages of each category for the entire county, and their accuracies.
In this case, however, there are no reliable statistics gathered in the
conventional manner with which to compare these results. While the
Statistical Reporting Service does publish monthly estimates of crop
acreages for the U. S. as a whole and for individual states, their
methods are such that no accurate estimates are available for specific
counties until months after the time of harvest, and even then they are
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Figure 1!7. This Basic language printout shows how ground data and
photo interpretation data inputs are used to adjust photo interpretation
stratum estimates to yield the final adjusted stratum acreage estimates.
A regression estimator is used to adjust the photo interpretation crop
estimate by the formula:
Y, = Yp| x R
where Y. = estimate of total crop acreage within an interpreter's
stratum
Yp. = photo Interpreter's estimate within a stratum
R = regression estimator, calculated by dividing the sum of
the actual crop acreages on field plots within a stratum
(Y input) by the interpreter's estimate of crop acreages
for the same plots (X inputs)
Using data from stratum #2 the following sample calculation is made:
+ 72 + 5Qb + . . . + *t08) acres
„looo •, o » r t » o24888.3 acres = 2*042 acres x
 + jQ + 625 + . . . + 3 acres
The total stratum estimates are then summed to give the total adjusted
population estimate:
92210.2 acres = (30899!1* + 2Ш8. 3 > 36^ 22.5) acres
much less accurate than the state and national estimates. This, of
course, only serves to emphasize the potential value of estimates
obtained by means of the methods described here. It is possible, how-
ever, to discuss the accuracy of the estimates by reference to calcu-
lated measures of statistical reliability derived from the sample
data.
The sampling error (standard error of the estimate expressed as
a percent of the estimate) for barley was 111 and for wheat was 13%,
while the figure for both barley and wheat combined was 8%, indicating
that a good deal of error resulted from a confusion of the two small
grain crops. This same trend is evident in the correction ratio
figures. In general, the interpreters under estimated barley and over
estimated wheat, while they were only slightly low in their estimates
of the two grains combined. These results indicate that considerable
improvement in the measurements could be realized if a more definite
differentiation between the two small grains could be made. Neverthe-
less, the accuracies as shown are quite encouraging, especially con-
sidering the rapidity with which the data were produced, the relatively
large area interpreted, and the lack of any other reliable estimates
with which they could be compared.
In the table listing the individual Interpreter's sampling error
(Table 1-6) it can be seen that one of the interpreters had a signif-
icantly higher error for both barley and wheat than the other two
interpreters, but all three were nearly equal for barley and wheat
combined. This indicates that while this one interpreter had more
trouble differentiating between the two crops, he did nearly as well
as the others in distinguishing the two small grains from all other
field conditions. Furthermore, 'these differences in performance
point up the importance of screening and training interpreters before
undertaking operational surveys. The survey sampling error could
have been significantly reduced if the performance of the one "incon-
sistent" interpreter had been equal to the other two. Also, all three
interpreters indicated that their confidence in their interpretations
increased as they progressed through the survey. Certainly any ful1y
operational survey would allow more interpreter "training by doing"
than was possible in this study.
VALUE OF SURVEY DATA TO POTENTIAL USER AGENCIES
While the ultimate users of agricultural inventory data are too
numerous to discuss here, it appears that there are at least two defi!
nite categories of primary data!gathering users. The first of these
is the Statistical Reporting Service of the U. S. Department of Agricul!
ture, which, in cooperation with state agencies, currently compiles
agricultural statistics for all parts of the U. S. and makes this data
available to user groups. Although nation!wide and state!wide crop
statistics are advertised to have only 2!3% error, data for smaller land
areas (e.g., counties) are much more unreliable. This fact is under!
standable due to the nature of the sampling scheme employed. Certainly
any efficiencies which could be realized by an agency at the local
level would be greatly multiplied when instituted nationally. At the
present time local estimates are dependent on extensive (and expensive)
ground enumeration coupled with a system of marked questionnaires which
makes the results dependent on the whims of respondents.
A direct evaluation of the absolute accuracy of the survey and its
usefulness on an operational basis is difficult because crop statistics
for Mariсора County are not yet available for comparison and, at any
rate, they are also "estimates" and not "absolute" ground truth. Thus
the true acreages of barley and wheat in Mariсора County w i l l never
be known. The calculated sampling error of the survey estimate can,
however, be compared with expected errors using conventional methods.
While current Statistical Reporting Service techniques yield quite
accurate statistics for the United States as a whole, due to the nature
of the sampling design, local (e.g., county) statistics are not as
accurate. Sampling errors of approximately 10% as calculated for this
survey are considered quite good, and are probably at least as low as
those resulting from conventional techniques.
The survey results indicate that time limitations certainly are
not restrictive. In fact, crop inventories using photo interpretation
might well be completed more quickly than by using conventional tech-
niques. As mentioned earlier, only 91 hours of interpreter time were
consumed and 100% of the agricultural land was examined. With allow-
ance for ground data collection (kQ hours per aircraft mission) and
keypunching of crop data (20-30 hours), a comparable regional survey
is estimated to require approximately two weeks for completion of
interpretation and data analysis.
A second category of possible users of agricultural survey data
includes a variety of state and local water resource planners. A know-
ledge of crop acreage and distribution is crucial to the determination
of water needs, and most water allocation and planning agencies currently
gather such data in much the same way as does the U. S. Department of
Agriculture. For certain specific uses, they depend upon very unreliable
estimates. For example, the Water Resources Division of the U. S.
Geological- Survey in Arizona must estimate the quantity of ground water
pumped in each hydrologic unit of land in the Phoenix area. Since
pumping systems are not currently monitored, electric power consumption
data is used to gauge the amount of water pumped. Because pumping
systems vary widely in their efficiency, assumptions made in this
regard are questionable. Also, not all power used in the systems mon-
itored w i l l be used for pump operation. Since the consumptive use of
water by major crop types has been well documented, estimates of crop
acreages by category in each hydrologic land unit should provide an
accurate base for estimating the quantity of water being withdrawn from
the ground water supply.
For the Maricopa County survey, interpretation estimates of crop
acreages were tabulated for each section (square mile) of land. This
unit seems most compatible for compiling crop data because per square
mile estimates can be accumulated for any land area, be it a political
(county, state, irrigation district, etc.) or natural boundary (hydro-
logic unit, watershed, etc.). As this survey technique is brought to
the attention of more potential users, suggestions and comments from
them regarding possible changes w i l l no doubt lead to refinements to
improve its usefulness.
MONITORING CHANGES IN LAND USE PATTERNS
Mapping of broad land use;categories has generally been recognized as
one of the most valuable potential uses to be made of low resolution, synop!
tic view imagery such as was obtained from the Apollo 9 spacecraft in 1969
and will be obtained from the ERTS!A vehicle in 1972. It is now realized that
delineation of land resource categories, even if these delineations are not
extremely detailed, w i l l provide the basis for preliminary evaluation of
resource complexes as well as for designing sampling procedures for resource
inventories.
A preliminary delineation of the resources in Mariсора County was made
on an Apollo 9 Infrared Ektachrome space photo by the authors of Part 2 of
this report and has been recently published by them (Poulton, et al., 1970).
Comparison of the delineations made on that space photo with those on the
photo mosaic map of the same area included in this report w i l l lead one to
conclude that the higher resolution of the mosaic made from RC!8 high altitude
photos permits more detailed delineations to be made than was possible on the
space photo. However, delineations of agricultural land in Maricopa County
on the Apollo 9 photo were adequate for determining the areas for which ground
data would be collected and photo interpretation for crop acreage would be
performed using high altitude aircraft photographs.
Since aircraft photographs of Maricopa County were also obtained during
1969 when the Apollo 9 spacecraft was in orbit as well as in 1970, the oppor!
tunity to compare the accuracy of land use boundary delineations made on
both types of photos was made possible. In addition, aircraft photos of the
County taken in 1953 were also available for study. Conclusions regarding
the accuracy of boundary delineations made on space photography, reached by
comparison with boundaries on aircraft photography taken at the same time,
could also be used to infer the possibility for mapping land use change over
time. For example, if accurate land use mapping could be performed on a
1969 Apollo 9 photo (verified by comparing with a 1969 aircraft photo), then
meaningful change detection should also be possible from space photos taken
at any future date. Specifically, it can be inferred that land use changes
that have occurred between 1953 and 1969 (as mapped on aerial photos) could
have been documented were space photos available for the earlier date as well
as the later one.
To test the relative interpretabi1ity of the photos described above,
the ability of a photo interpreter to delineate urban land from agricultural
land was evaluated. The area mapped was defined to include the cities of
Mesa and Tempe which lie south of the Salt River. Interpretation of the
Ranchromatic-25 Apollo 9 photo, enlarged to a scale of 1/2^ 0,000, was under-
taken using image examples of urban-agricultural land use boundaries from
other portions of the frame as training examples. The space photo and the
map which resulted from the interpretation are reproduced in Figure 1-8. The
same procedure was used to delineate urban-agricultural land use boundaries
on a black-and-white copy of the Zeiss high altitude photography (Mission
118), scale 1/60,000. An example of a portion of the photography used and
the corresponding interpretation appears in Figure 1-9.
Comparison of the two sets of interpretation were made by enlarging the
map containing the space photo interpretation to the same scale as the map
from the aerial photo interpretation. Figure 1-10 contains these two maps.
An area-counting device was used to compare the accuracy of delineation. It
was assumed that delineations made on the aerial photo (high resolution) were
ТЕМРЕ
MESA
1 m i l e
March 12,1969
Figure 1!8. Interpretation of the Tempe!Mesa urban area (right) from Apollo
9 Panchromatic!25 photography (left). Examples from other areas around
Phoenix were used to train a photo interpreter for this task. Comparison
with high altitude aircraft photo interpretation is made in Figure 1!10 and
in the text.
т mi le
January 13, 1970
Figure 1!9. Interpretation of a portion of the Mesa area from small scale
(1/60,000) aerial photography appears at right for the photo area seen at the
left. Comparison with the Apollo 9 interpretation (Figure 1!8) appears in
Figure 1!10 as well as in the text.
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more accurate than those made on the space photo (low resolution). There!
fore, highest mapping accuracy was assumed for the map made from Zeiss
photos. The following evaluation is made for those areas which were mapped
as urban lands on the Apollo 9 photo (denoted by A) when compared with those
areas mapped on the high altitude aircraft photo (denoted by H) :
Area (Acres)
correct = area common to A and H H362
omission = area in H, not in A 1333
commission = area in A, not in H 1777
о, .. и <.•£• 4.- area common to A and H ,nn 1^ 362 ,nn
 л
!
л% correct Identification = ! . . •. !
 :
 — n ! x 100 = ,
r
l
nr
x 100 = 921
! total area in H 15Ь95 — —
o, . . area in H, not in A 1343
* °
mission =
 total area in H * ™° = 75695' X 10° = &
. . area in A, not in H , 1777
comm.SSIOn= . x Ю 0 = х 100 = M%д
These data indicate that boundaries between urban and agricultural lands can
be accurately delineated, thus suggesting the potential for mapping broad
land use change if sequential photography were available from orbital alti!
tude. As an alternative, measurement of urban area growth was made from
(a) the same 1/60,000 scale high altitude panchromatic photos that were used
in the comparison with Apollo 9 photography just described and (b) aircraft
photographs of the same scale obtained in 1953. Urban areas were delineated
on both sets of photos and area determination made for each case. The
interpretation is shown in Figure 1!11. The following area data were extracted:
Date Urban Area (Acres) % Growth
1953 6200
1970 15695 253 %
Based on the assumption that boundaries drawn on high altitude photography
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of the Tempe-Mesa urban complex are essentially correct, the exercise des-
cribed here supports the conclusion that similar boundaries drawn on Apollo 9
imagery are not appreciably different. As summarized by Alexander (1969)
similar investigations in Southwestern U. S. have reached the same conclusion.
Thus it can be inferred that the extent of urban areas similar to those
studied here can be adequately delineated on space photos having resolution
characteristics similar to Apollo 9 imagery. Given the potential for
obtaining sequential imagery from spacecraft, it appears that techniques
for monitoring change in urban land area can be developed.
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CONCLUSION
The stated purpose of this experiment was to investigate the
feasibility of performing inventories of agricultural resources
using very small scale aerial or space photography. It was hoped
that, by remaining cognizant at all times of the constraints that
would be faced when carrying out an operational survey, findings would
be more valuable than those resulting from the more usual limited-
area tests.
Certainly the results to date are encouraging on two counts:
(1) the questions posed i n i t i a l l y are being answered, i.e., the very
practical problems of performing an operational survey are being
faced and solutions are being found, and (2) it would seem that a
fully operational agricultural inventory using space photography is
not beyond the scope of present technology.
Probably the biggest problems that w i l l be faced in establishing
a functional inventory system are those concerning logistics and
data handling. For example, it w i l l be necessary to ensure that
ground crews are at the proper place at the proper time over widely
scattered areas in order to provide calibration data. Imagery must
be obtained at specific times to permit differentiation among various
crop types; interpretation of large areas must be performed rapidly to
ensure that the information is not outdated before it is available;
and interpretation results must be compared with calibration data and
the necessary adjustments made before distribution.
Finally, data must be provided, not at those times and for those
geographfc units which lend themselves well to the data gathering
techniques, but rather at times and for area units which are geared
53
to user requirements as nearly as possible.
However, most of the data handling problems are not much more
complex than those faced by government agencies gathering agricultural
data by more conventional means at the present time. Furthermore, a
number of systems are presently being developed which, it is hoped,
w i l l possess a capability to automatically extract image data from
aerial or space photographs, perform crop identification functions,
combine this information with other parameters keyed to the same
geographic coordinate system, and produce graphical or tabular output
in a wide variety of desired formats. It appears that such systems
would lend themselves particularly well to agricultural surveys wherein
nearly all the image interpretation is based on tone or color discrimina-
tion (a function much more accurately performed by a machine than a
human interpreter) rather than complex deductive decisions. In fact,
it is planned that further studies of agricultural inventory method
by the Forestry Remote Sensing Laboratory w i l l involve an investigation
of the extent to which automatic image interpretation and data handling
methods can contribute to operational surveys of the type described
in this report.
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PART 2
HIGH ALTITUDE PHOTOGRAPHY IN THE ANALYSIS OF NATURAL
VEGETATIONAL RESOURCES WITH IMPLICATIONS IN LAND USE
ЬУ
Charles E. Poulton
David P. Faulkner
James R. Johnson
David A. Mouat
Barry J. Schrumpf
INTRODUCTION
Ecological resource inventory and analysis of naturally vegetated
areas are the primary concerns of the Range Management staff at Oregon
State University in this cooperative study. In research to date, we have
found small scale high altitude photography to be an ideal base for gather!
ing ground truth and displaying resource information where the ultimate
purpose is county or regional planning for resource allocation and land
use.
When dealing with vegetation in its natural setting, considerable
expenditure of time and energy must be made in the field identification
and classification of vegetation!landform!soi1 systems. A hierarchical
organization must be developed that is compatible with the interpreta!
tion of various scales and resolutions of imagery. Without such
an ecological information base, true understanding of resource and environ!
ment is impossible. Without this understanding as a backstop in action
programs, the burgeoning population places demands on our finite resources
that force land use development and "planning" to follow the expediency
of chance and short-run economics in an information vacuum. This often
leads to irreversible and unwise resource allocations and utilization
patterns. Such uninformed action of expediency can create critical prob-
lems for future generations and unnecessary drains on potential national
wealth and stature. Programs like this high altitude experiment held a
tremendous potential for correction or prevention of these kinds of
problems, especially if it could be activated on a national scale under
effective organization and management and a professionally competent
resource analysis staff.
Ground truth requirements have demanded that we know the vegetation-
landform-soi1 systems in our two high altitude test areas, Phoenix (No. 29)
and Ft. Huachuca (No. 220). For subsequent work in image interpretation
and multi-stage sampling experiments, a map of such ground truth is essen-
tial. 'We have made major strides in this direction for the Phoenix test
site and a s i m i l a r map is in preparation for the Ft. Huachuca test site.
This exercise is rather academic unless (1) the units are described and
understood by potential users, (2) all resource features are displayed
in a readily i n t e l l i g i b l e common legend system, and (3) each unit is
related, through a descriptive legend, to land use potentials and limita-
tions. Our work on the high altitude experiment to this point has concen-
trated on these items. Revisions and improvements of the vegetation
portion of our legend are presented in this report. They supersede an
earlier iteration (Poulton, et al., 19&9) but the legend concept and
format have remained the same.
To foster advancement of legend compatibility with systems already
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in use, we have demonstrated that our symbolic, natural vegetation units
may be successfully integrated into the standard coding system for land
use (U.S. Dept. of Transportation, 1969) and a detailed agricultural
land use legend (Johnson, 1969). The desirability of creating compatible
symbolic systems becomes particularly apparent as one attempts to exploit
high altitude and other small scale photography over extensive areas. A
combined resource analysis and land use legend has obvious advantages
over separate maps and unrelated legends.
In order to give a greater understanding of the kinds of resources
with which we are dealing in southern Arizona, representative vegetation-
landform-soiIs systems are described. These descriptions also give a
preliminary indication of the contents of a descriptive legend to accompany
maps and statistical tables developed from an operational resource inventory
and analysis. We are developing statistical tables on the distribution
of each of these kinds of land w i t h i n Maricopa County as these relate to
information needs in land use planning. The data are not yet ready for
reporting. Some indication is also given of the variations in the vegeta-
tion, their relationships to landform and, to the extent presently known,
their land use potentials and limitations.
A preliminary attempt was also made to use existing soils information
and relate it to vegetation units. This serves several purposes. It
completes the basic resource picture in terms of both vegetation and soils.
Most notable is the suggestion that by working with vegetation-soil systems
as the basic ground truth unit, the photo interpretation of naturally vege-
tated landscapes is both easier and more accurate. It results in presenting
a more complete and coordinated body of knowledge that is essential in
determining resource potential for land use planning and management.
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Color infrared high altitude photography is continuing to receive
attention from our staff, but the required multidate coverage has not
yet been obtained and delivered. In the interim, research has been
concentrated on some of the details of color infrared image standardiza-
tion, quantitative measurement of image characteristics, and the develop-
ment of a phenological calendar for each of the major vegetation types in the
southeastern Arizona desert. The possibility of monitoring phenological
changes and growth of native vegetation on multidate photography continues
to look most promising and can, we are confident, be demonstrated as a
strong aid for identification of natural vegetation types when all of
the photography is available for study.
Through the cooperation of the California State Office, Bureau of
Land Management, we have been able to present the essence of a pilot
resource inventory that they conducted following two training sessions we
conducted for them. In it they used high altitude photography and the
resource information gathering techniques that we have developed partially
through this NASA-funded project.
The photo mosaic map included as a part of this report illustrates a
highly useful method of presenting resource information to the land use
planner and manager. He can not only be given a map of the distribution
of each kind of land in relation to developing land use patterns, statisti-
cal tables, and a technical use guide in the form of the descriptive legend,
but he also has an actual high resolution interpreted picture of every
resource feature displayed by the type lines.
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LEGEND MODIFICATION, EXPANSION, AND COMPATIBILITY
Development of Natural Vegetation Legend
Legend development for naturally vegetated resources commences with
extensive ground examination followed by synthesis and classification of
vegetational types into units of similarity, and finally the actual
development of the symbolic, technical, and descriptive legends. Details
have been presented in previous publications, e.g.,Poulton et al. (1969
and 1970) and the concept and format have remained unchanged. This
reduces the need for reiteration to that of a general procedural outline:
A. Pretype at least two scales of photography, preferably 1:760,000
and 1:12^4,000. Use color infrared fi l m , Wratten 15 filter,
augmented by other film-filter combinations to aid discrimina-
tion and delineation of important boundaries. Criteria for
typing:
(1) V i s i b l e changes in relief and image color that are
associated with resource features. With high altitude
photography, image texture and pattern are especially
relevant to subject discrimination and identification.
(2) Separate out urban complexes, agricultural lands, and
other heavily altered lands.
(3) Assign common numerical designations to similar image
uni ts.
B. Ground checking. Limit number of units visited by reference to
pretype coding in A-3.
(1) Train field team members to insure accuracy and con-
sistency in data gathering. Intensity of data gathering
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w i l l be dependent on objective of survey and
ecological complexity of specific landscapes.
(2) Visit and examine two or more examples of each image
class. Record vegetation information. Include species
prominence and cover. Sociability notes are worthwhile
to explain image texture and species patterns.
(3) Record landform and soils information.
(k) Record other data pertinent to the ecosystem represented
by the ground truth station. Include values and
evidences of use for domestic animal grazing and wild-
life use, agricultural crops, watershed, forest and
wood products, aesthetic and recreation, land use con-
version, other extractive industries, etc.
C. Classify vegetation-soil units into ecologically similar
categories. Kuchler (19&7), Chapter 19 describes the phyto-
sociological approach to classification which we use.
D. Develop the legend based on the classification in C. Describe
each legend unit or class in terms of symbols (code), technical,
and descriptive legends.
Once the legend is developed it is a highly valuable tool for
communicating information. The symbolic portion is directly transferable
to each mapping unit as a shorthand identifier. The technical portion
of the legend, when completed for an ecologically similar region,
explains the meaning of the symbol and,in effect,puts a plant community
name on the unit. It can also be used by field workers to develop
recognition keys in much the same manner as a botanical key to plant
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species. The descriptive portion of the legend serves to indicate
variation and a more complete characterization of the unit relationships
with environment. As the descriptive legend is expanded to include
suitabi1ity of each kind of land for alternative land uses, the general
! , ~t ., !
p'roductiVe potentials and limitations, and demonstrated responses of the
specific ecosystem to managerial manipulation, the legend becomes, in
effect, a*'technical guide or manual for those who make decisions about
land use, resource allocation, and management. Appendix A, especially
A!?, shows the legend as we are developing it for southern Arizona,
particularly Mariсора County.
The legend format is hierarchical, providing versatility when the
symbols are used in mapping. The scheme for mapping is:
Vegetational and/or land use features
General Specific
Environmental features
(landform and ecologically relevant features)
Its flexibility in mapping intensity, for example, ranges from the
highly generalized:
—,—= (natural vegetation, 300, on flat lands, 1)
to the highly detailed:
!:—jb— = (a specific plant community, 321.11, and its specific
associated macrorelief, la, and landform, Cb).
The amount of detail presented in the mapping symbols should be
consistent with the information needs and use intended for the map. An
accompanying descriptive legend would define each unit at the particular
level of generalization being used.
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As shown on the previous page natural vegetation or land use is
symbolized in the numerator of the symbolic (mapping) legend. In the denom-
inator, features of the environment are shown. Those environmental features
that we use most often when characterizing the landscape on small scale
photography are macrorelief (Appendix B-l) and ecologically relevant land
surface features (Appendix B-2). The enclosed photo mosaic map illustrates
the symbolic mapping units when both numerator and denominator are used at
about as high mapping intensity as is feasible with high altitude pho-
tography of this region. As seen in the urban portions of the map, only
the numerator is used. In mapping units that reflect high resource
development or modification by man's activity, e.g., cities and agricul-
tural lands, l i t t l e benefit is derived by use of the denominator.
Appendix B-l was developed for macrorelief features identified in
Southern Arizona, but tests show it widely adaptable to other environ-
mental regions. Appendix B-2, Ecologically Relevant Physical Features,
primarily elaborates on landforms in the semiarid and arid West.
Obvious classes outside the region are also shown to suggest how
expansion for features of other regions would fit into the scheme.
The Expanded Natural Vegetation Legend
Appendices A-^ and A-7 illustrate several of the major components
of our natural vegetation legend. The physiognomic categories of
Appendix A-*» are types commonly used by plant geographers and regional
ecologists. Many of the appropriate subdivisions for the physiognomic
units have been included in Appendix A-?. Greatest detail is given for
those units which we have identified from our studies in Southern
Arizona. Within each major subdivision, additional information is
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conveyed by successive legend components added to the right in making
the symbol connotation more specific. Thus, units indicated by mapping
symbols 321.11 through 321.19 are different, but they are closely
related vegetation-soi1 systems that are more generally described as
321.1, and even more generally described as 321. Even at the generalized
level of 321, considerable information is conveyed as witnessed by the
accompanying descriptive legend.
Consolidation wi th Other Legends
In the early stages of our experiences with legend development, it
became apparent that exist ing codes simply were not adequate for the
type of hierarchical c lassi f icat ion that we considered necessary for
natural vegetational resources. As wi th most codes, we needed a system
that would provide symbolic components for mapping and rapid reference
as well as descriptive components to explain the symbols. Although we
had provided units for intensive land uses such as agricultural, urban,
and industrial, we came to realize that we were not c lass i fy ing the
"use" areas to the degree of intensity wi th which we were c lass i fy ing
the vegetational resource. Further, we were not always c lassi fy ing
them into categories or by names which were in common usage in the
existing coding systems. By the same token, legends developed primari ly
for agricultural and urban land uses do not generally place vegetational
resources at a hierarchical level consistent with our needs.
The desirabi l i ty of creating a single coding system for surface
resources as well as intensive land use became increasingly apparent
as we worked with high altitude (1:124,000) and space photography. The
possibi l i ty of confusion which could arise from the use of more than one
mapping code on the same photo mosaic prompted us to investigate the
possibility of molding our legend system from existing systems of
agricultural, urban, and industrial land use codes. Effective
statistical summarization and development of comparable resource
data required a common legend system.
Through collaboration with personnel of the Forestry Remote
Sensing Laboratory, Berkeley, we were successful in combining three
systems into one. Each of them s t i l l retains its major qualities,
and all can be compatibly utilized in mapping and data summarization.
Appendix A-6 shows a revised portion of the urban and industrial
land use code prepared by the U.S. Department of Transportation (1969).
The essence of the revision which we made is the addition of the i n i t i a l
d i g i t , "5" to the left of their code (mapping symbol) and the addition
of decimals following the third digits. The "5" identifies all urban
and industrial lands (Appendix A-l). The decimal merely facilitates
readability when used as mapping symbols.
The agricultural legend (Appendix A-5) is one that was developed
by Claude Johnson (1969)- He made it compatible with the Standard Land
Use Coding Manual (U.S. Department of Transportation, 1969).
B i l l Draeger, FRSL, Berkeley, subsequently made minor revisions to
facilitate use of the Johnson legend in research the Laboratory is
conducting. Both the code manual and Johnson's legend designate
agricultural land use codes with the digits "81". We have suggested
these digits be replaced with "Vs" (^ 00 = agricultural classes) as
presented in Appendix A-5 to make their treatment of agricultural lands
compatible with non-agricultural lands. The agricultural lands are on
the same hierarchical level as the other four primary units of land use
and natural vegetational features as we had originally described them
(Appendix A-l).
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As evidenced by the categories of Appendix A/l, all legend
components are now developed so that when needed, a land use and a
natural resource feature symbol can occupy the same mapping unit. Two
diverse examples follow:
An ocean bay may have a yachting club which is located primari ly
over the waters of the bay. If the yachting club were not large enough
to delineate out separately, both the club and the bay could be coded
within the same delineation. The bay carries symbolic mapping code 230,
and w i t h our suggested revision the yacht club would be coded 57^.^1•
No confusion would arise as to whether the codes represented a feature
of the natural landscape or a land use area because of the meaning of
the init ial digit of the code presented in Appendix A/l.
S imi lar ly, developing small acreage suburban residences, which
are common features in northern Mariсора County, could be coded with in
their respective natural vegetation units. Even wi th suburban
development of the type described, the vegetation/soil systems
maintain their character. Ut i l i z ing the undeveloped residential
code, 191, of the Manual (U.S. Department of Transportation, 19&9) the
small acreage residences could be receded in the manner indicated below
to make them compatible wi th the combined legends:
Symbolic (mapping) Technical Description
Code (Category)
519.1 Small acreage suburban residences
519.12 Wel l established small acreage suburban
residences
519.13 Newly established small acreage suburban
res idences
1*» Developing small acreage suburban residences
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Thus, any of the above code numbers could be used in mapping in
combination with the natural vegetation mapping code. The most common
combination that currently exists in northern Maricopa County is 519.14,
developing small acreage suburban residences, in natural vegetation unit,
321.21, (see Appendix A-7 for description).
This type of information when presented in mapped form such as on
the accompanying photo mosaic would give county planners a rapid idea
of the type of land use conversions that are being made. Perhaps of
even greater value, planners, on the basis of mapped natural vegetation
unit si m i l a r i t y , could predict the locations and spatial a v a i l a b i l i t y
for similar future conversion.
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EXAMPLES OF VEGETATION/SOIL SYSTEMS IN MARICOPA COUNTY
The six photographs and accompanying descriptions in this portion
of the report are intended to il lustrate some of the vegetation
diversity that is encountered in Mariсора County, Arizona. These
also exemplify some of the main components of the descriptive legend
as would init ial ly be written for an ecological region or province.
As new knowledge is developed through use or additional research on
each ecosystem and on its relationship to resource use and management,
this new information would be added to the descriptive legend. We are
not ready at this time to state whether the types presented for southern
Arizona are described at the plant community or vegetational
"association" level. Of those shown, type 321.11 (creosote bush w i t h
annuals) most nearly approaches the ultimate or most refined plant
community level, whereas type 3^2.1 (Arizona chaparral) and 331.**
(cactus/shru b grassland) consist of many ecologically related plant
communities having the common traits described for the units.
In terms of area occupied, types 321.91 (mesquite bosque) and
321.41 (cactus aspect/teddybear cholla clearly dominant) are not
extensive, whereas the other four types used in this i l lustration
cover large acreages in southern Arizona. As indicated in the
description, the mesquite bosques are associated with primary
drainageways, thus accounting for their relatively l imited area.
The regional occurrence and extent of the teddybear cholla dominant
community has not,been well defined.
A brief statement relating to the potential of the units
accompanies each write/up. Some of the information presented is
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self evident and has been observed to be responsible for many of the
land use decisions which have come about, e.g., conversion of 321.11
types to intensive agriculture. Other ecological observations,
particularly if given in greater detail, should provide the required
basis for sound decision-making about projected land use conversions,
resource improvement, and management.
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321 .11 Larrea tr identata wi th or without annuals
This desert vegetational unit is characterized by nearly pure
stands of creosote bush (Larrea t r identata) . Other vegetation, except
annuals, is scattered or l imi ted to runnels. Annuals are common after
seasonal rains.
Creosote bush stands are present in the dryer part of the desert
and occupy the lower areas. They commonly occur on lower bajadas,
valley f i l ls , and al luvia l p la ins. Elevat ion varies from sea level
to 2,500 feet whi le macrorelief remains f lat to s l ight ly inclined.
Soil texture generally ranges from sandy to clay loams. Most are
calcareous.
Economical ly, this is valuable land. As rangeland, its worth is
l imited pr imar i ly to the seasonal presence of annuals. Many of the
soi ls associated w i th this vegetation and landform are often highly
productive when irr igated. Depending on the projected need
for addit ional agr icul tural lands and ava i l ab i l i t y of i r r igat ion
water, these areas should be reserved for land-use conversion to
cropland agriculture rather than for urbanization. Value for w i ld l i fe
habitat is re lat ive ly low.
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321.21 Foothill paloverde, tr iangle bursage, saguaro, and creosote bush
all occurring on interf luves.
This desert vegetational unit is characterized by the presence of
foothil l paloverde (Cercidium microphyllum) scattered over the landscape.
Saguaro (Cereus giganteus) Ts" usual ly present, espec ia l ly at higher
elevations. Other components are tr iangle bursage (Franseria deltoidea),
creosote bush (Larrea tr identata), and cholla cacti (Opuntia~spp.). AT
the lower elevations, tr iangle bursage may be replaced by whi te bursage
(Franseria dumosa). All of the species occur on the interfluves and are
not confined to the runnels.
This is one of the most common vegetational uni ts of the bajadas,
fans, upper terraces, and pediments. It ranges in elevation from 1,000
to 3,500 feet, occurring most often between 1,800 feet and 2,500 feet.
Soi ls are generally coarse textured wi th stones, a frequent prominent
surface feature, and often s i l i ca rich.
Macrorelief associat ions range from f la t lands to low h i l l s
generally wi th some dissection.
Economically, these areas are moderately important as grazing lands.
They do support a large number of herbaceous annuals in the early spring
and late summer following the rainy seasons. The so i ls are not
generally adaptable to cult ivation so there is very l i t t le potential as
agricultural land. The general character of this land, par t icu lar ly
macrorelief and vegetation, makes these units highly prized for
recreation and suburban development. W i t h proper planning, damage
to the system, part icular ly by erosion, can be minimized. In local ized
areas, there are species of w i l d l i f e that rely almost wholly upon this
ecosystem.
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321.1*1 Teddybear cholla clearly prominent
This very unique vegetattonal unit has a general cactus aspect. In
this case, teddybear cholla (Opuntia bigelovi i) is the most prominent
plant species, although other cacti are also present. Other associated
species are foothill paloverde (Cercidium microphyllum), jojoba
(Simmondsia chinensis), Ocotillo (Fouquieria splendens), and triangle
bursage (Franseria deltoidea).
Only one stand of sufficiently large size for mapping on 1:124,000
scale photography has been identified in Maricopa County, although
others may exist. The same soil subgroup on which this unit was found
occurs elsewhere in the same vicinity. The reasons for restricted
distribution are not known, but we do know chollas tend to occur in
patches due to vegetative reproduction. The stand occurs on a strongly
dissected upland plain at an elevation of approximately 1,800 feet. The
soils are shallow and include conglomerates of an older geologic origin.
This type of area, even if it occurred more extensively, would
probably not contribute substantially to the grazing land economy of
the region. Wildlife dependence in the type would be questionable.
Recreational value would be limited mostly to those interested in a
rather unique flora. Because of its uniqueness, the area may stimulate
scientific inquiry. Urbanization would be unlikely, owing primarily to
rugged terrain.
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321.91 Mesquite bosque
A mesquite bosque is a vegetational unit where tree-sized (20-30
feet) mesquite (Prosopis ju l i f lo ra) completely dominate the aspect
g iv ing a thicket appearance. Other shrubs and trees commonly present
or found in close proximity include tamarisk (Tamarix pentandra). sal t
bush (Atr iplex spp. ) , desert w i l l o w (Ch i lops i s 1ineari s) and paloverde
(Cere idi urn spp.).
These bosques occur along the primary stream channels w i th
extensions into the flood plains and secondary streams. The soi ls
are generally deep and consist of mixed layers of sand, s i l t s , and
clays.
The trees have been used as a source of wood for building and
fuel, depleting many of the stands. In other areas bosques have been
converted to agricultural production. The bosques and vegetation of
associated drainageways are major areas for providing shade, shelter,
and feed for l ivestock and w i l d l i f e . When not overgrazed they support
a very productive grass understory.
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331.k Cactus/shrub grassland
This grassland is one of the transition zones between desert
vegetation and the more mesic brush or wooded h i l l s . The grass occurs
as a result of more favorable climatic conditions, especially rainfall.
Cacti and shrubs are influences from the surrounding types. Common
grasses are species of Ari stida, Bouteloua, Hi1 aria, Muhlenbergia,
Sporobolus, and Stipa. Cacti species are varied and are represented
by chollas and prickly pears (Opuntia spp.), barrel cactus (Ferocactus
spp.) and hedgehog cactus (Echinocereus spp.). Shrubs include mesquite
(Prosopi s juli flora), oak (Quercus turbinella) and juniper (Jun iperus
spp.).Species which may be sparingly abundant include Yucca, Nol ina,
and Agave.
These areas occur in the foothills between ,^000 and 6,000 feet
elevation. They generally lie above the desert area and intermingle
with shrub and forested types. Soils are rather diverse,being formed
from several parent materials and occurring in a variety of environments,
often containing Considerable stoniness.
Economically these are important grazing lands in Arizona due to
presence of perennial grasses. Livestock as well as small and large
wi l d l i f e species are common to the area. The rather rich flora,
ruggedness of the terrain, general freedom from a dense canopy of
shrubs, and abundance of herbaceous vegetation, combine to give
high aesthetic value and recreational potential. Frequent uncontrolled
activity by man or large animals could seriously deteriorate the
resource.
3A2.1 Arizona chaparral
One of the more common vegetational units of the foothil ls and
mountains along the Mogollon Rim is the Arizona chaparral. It is
characterized by high cover of scrub oak (Quercus turbine! la). Other
shrub species that are commonly found are manzani ta(ArctosFaphylos
pungens), skunk bush (Rhus t r i lobata), and mountain mahogany (Cercocarpus
s p p . ) . M o s t of the shrubs are st i f f branched evergreens, often forming
a closed canopy with relatively l i tt le bare ground or herbaceous
vegetation showing.
Arizona chaparral occurs on foothil ls and mountain slopes between
3,500 and 6,000 feet. So i ls are usually shallow and stony. Because the
soils are derived from a wide variety of parent materials, and occur in
diverse environments, they are quite heterogeneous.
These areas are important as w i l d l i f e habitat, espec ia l ly for deer.
They contribute to some extent to reservoir water supply. Some
recreational pressures are exerted on the area. There is virtually
no potential for agriculture but some poss ib i l i t y for localized suburban
development. Intensive act iv i ty could be expected to result in
accelerated erosion and general degradation of the units.
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SOILS AND SOIL!VEGETATION RELATIONSHIPS OF A
PORTION OF MAR ICOPA COUNTY, ARIZONA !
Our legend system provides for the annotation of soil features
because a picture of both vegetation and soils is needed in regional
and county planning and in resource management. A preliminary soil
survey, conducted by the Soil Conservation Service in Maricopa County,
Arizona, resulted in the publication of a highly generalized soil
association map at a scale of 1:500,000. They are preparing a more
detailed map and report for the county. While attempts to relate
specific vegetation and soil types from independently prepared maps
have never been highly successful, a v a i l a b i l i t y of the above maps pro!
vided us the opportunity to compare the mapping units from these two maps
with the hopes of discovering some meaningful vegetation!soil relation!
ships.
The area selected for investigation was an east!west strip approx!
imately 20 miles wide and 75 miles long extending from Hassayampa Wash
in the west, across the extreme northern Phoenix metropolitan area
to the vicinit y of State Highway 87 in the eastern part of the county
(Figure 2!1). This area is covered by a strip of high altitude photos (NASA
Mission 139, July 28, 1970) that also received special consideration by our
ecological resource investigation crew. The vegetation of that area has
1/ We wish to acknowledge the cooperation of the Soil Conservation
Service and the Maricopa County Soil Conservation Districts in
authorizing us to utilize the General Soils Map of Maricopa County.
Most of the soil information used in this chapter is from that
report. Dr. С. Т. Youngberg, Department of Soils, Oregon State
University, also assisted us with some preliminary field work to
consider the feasibility of relating the soil associations as mapped
to our vegetational resources delineations.
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been intensively ground checked by our people. The photo mosaic included
in this report illustrates the vegetative units present in the county.
The vegetation units of the area are described in the mapping legend
(Appendix A!?).
Soils
Twenty!two soil mapping units were described by the Soil Conservation
Service within the study area (fifty three units are described for Maricopa
County). These are included in two soil orders, Entisols and Aridisols,
and four of the five subgroups occurring in Maricopa County are found w i t h i n
the study area: Typic Torrif 1uvents, Typic Haplargids, Typic Calciorthids,
and Li thicTorriorthents. In addition, three undifferentiated groups —
shallow soil, stony and rocky mountainous land, and a l l u v i a l soils — are
found in the study area. See Table 2!1 for technical soil mapping unit
descri ptions.
The Typic Torrifluvents (mapping units Ala, Alg, and A2e) are formed
upon level to gently sloping valley!fill plains, low terraces, a l l u v i a l
fans, and foots lopes. They are all of coarse loamy texture and lack a
well!develope d profile — having no "B" horizon. They are found in the
study area at fairly low elevations.
The Typic Haplargids (mapping units ВЗсВ, Bkm, and B^mB) have developed
upon sloping to rolling a l l u v i a l fans, terraces, and valley slopes (probably
fans or pediments). They are all fine loamy and calcareous.
The Typic Calciorthids (mapping units C6v and СбгВ) have developed
upon level to gently sloping valley f i l l plains and a l l u v i a l fans; sloping
to rolling fans, terraces, and foots lopes ("foots lopes" may be synonymous
with "pediment"). They are all coarse loamy in texture and are calcareous.
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Table 2!1. Technical soil mapping unit descriptions.
A ! Typic Torrifluvents
Ala Deep sandy loam soils.
Alg Deep loamy soils.
A2e Gravelly sandy loam and loamy sand soils.
В ! Typic Haplargids
ВЗсВ Soils with limey and clayey subsoils. 5!15% slopes,
B^m SoiIs wi th1imey clay loam subsoiIs.
B^mB Soils withlimey clay loam subsoils. 5!15% slopes.
С ! Typic Calciorthids
СбгВ Limey gravelly soils. 5!15% slopes.
C6v Limey loamy soiIs.
E ! Lithic Torriorthents
E8bB Stony soils on basalt. 5!15% slopes.
F ! Shallow SoiIs
FGrC Shallow soils over granite. 15!30% slopes.
FGrB Shallow soils over granite. 5!15% slopes.
FScC Shallow soils over schist. 15!30% slopes.
FBaC Shallow soils over basalt. 15!30% slopes.
FAdC Shallow soils over andesite. 15!30% slopes.
G ! Shallow and Moderately Deep Soils
GCgC Shallow and moderately deep soils over sand and
gravel. 15!30% slopes.
H ! Stony and Rocky Mountainous Land
HRhD Stony and rocky mountainous land over rhyolite.
Over 30% slopes.
HGrD Stony and rocky mountainous land over granite.
Over 30% slopes.
HBaD Stony and rocky mountainous land over basalt.
Over 30% slopes.
HScD Stony and rocky mountainous land over schist.
Over 30% slopes.
HAdD Stony and rocky mountainous land over andesite.
Over 30% slopes.
HGsD Stony and rocky mountainous land over greenstone.
Over 30% slopes.
Xa ! A l l u v i a l Soils Subject to Flooding
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Lithic Torriorthents (mapping unit E8bB) are developed in the
study area upon rolling to sloping (5-15%) uplands and foots lopes con-
sisting of weathered or moderately unweathered granite, dacite, schist,
rhyolite, or basalt. They have a l i t h i c contact at a depth of approxi-
mately 12 inches. Lithic Torriorthents are very poorly developed soils,
generally loamy and calcareous.
Five mapping units (FAdC, FBaC, FGrB, FGrC, and FScC) present in the
study area are classified as "shallow soils" over various types of bedrock:
FAdC - Shallow soils over andesite (15-30% slope).
FBaC - Shallow soils over basalt (15-30% slope).
FGrB - Shallow soils over granite (5-15% slope).
FGrC - Shallow soils over granite (15-30% slope).
FScC - Shallow soils over schist (15-30% slope).
These soils are all less than 18 inches thick, are generally calcareous,
and are at least coarse loamy in texture. They are developed on sloping
to rolling, and h i l l y to steep uplands.
One mapping unit,(GCgC) belongs to a class called Shallow to Moderately
Deep Soil (i.e. 10-22"). This particular unit is developed upon steep fans
or stream terraces (15-30% slope - probably a dissected surface as fans
rarely exceed a 10% regional slope). They are coarse loamy and calcareous.
Six mapping units (HAdD, HBaD, HGrD, HGsD, HRhD, and HScD) are classi-
fied as Stony and Rocky Mountainous Land. Either shallow soil (less than
10 inches thick), fragmented bedrock, or exposed bedrock comprises these
units. Slopes usually exceed 30 percent.
The last mapping unit delineated in the study area (Xa) consists of
a l l u v i a l soils on the channel bottoms of arroyos and washes wide enough
and sufficiently different to be mapped. They have wide ranges in texture
and are frequently very strongly saline and/or alkaline.
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Results and Conclusions
Figure 2-1 shows the portion of the SCS soils map which includes
the study area. Figure 2-2, drawn at the scale of the high altitude mosaic,
shows the relationships between vegetation and soil as the latter was mapped
by the Soil Conservation Service. Compared to the smaller scale, Figure 2-1,
it can be seen that slight changes have been made in the delineations.
These were corrected for certain geomorphic and concomitant vegetation
irregularities that were too highly generalized on the SCS map but which
are clearly evident on the imagery — especially when viewed stereoscopi-
cally. Figure 2-2 could be considered a first step toward u t i l i z i n g
independently derived soil survey information in the study of vegetation.
It is one of the two effective ways to interpret soils in terms of native
vegetational or ecological relevance. It also shows how vegetation and
tandform analysis can be used in the study and more accurate mapping of
soils. The common denominator in accurately establishing those relation-
ships is remote sensing. The mapping work accomplished in Figure 2-2 used
black and white prints made from RC-8 color photos (NASA Mission 139).
These were found fully adequate for the cartographic presentation of final
results, and with a few exceptions, boundaries of vegetation-soil systems
were equally apparent on black and white, on color, and on color infrared
at the scales and level of generalization used. Preliminary comparisons
of color, color infrared, and black and white suggests general superiority
of color infrared for subject identification and possibly for determina-
tion of minute resource differences where both larger scales and higher
mapping intensities than this are used. Definitive experiments involving
comparisons of f i l m types and determination of errors among interpreters
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have not been made. This is one of the next steps in our contemplated
research in support of the high altitude program.
TableN2-2 presents a correlation matrix of the Soil Conservation Ser-
vice mapping units described previously and the vegetation units we have
established for the study area (Appendix A-7 for descriptions of the vege-
tation units). Where a vegetation unit was found to be closely related
to a certain soil mapping unit as spatially mapped in the SCS report,
an "X" was indicated on the matrix. "X's" were indicated only in those
areas where we were reasonably confident that both the soils and vegetation
delineations were of pure types and did not contain inclusions or represent
a generalization of complexes of units.
Since this section of the report is primarily intended to indicate
a method for determining whether vegetation-soil relationships could be
identified from independent maps, we w i l l not attempt to provide explana-
tions at this point. The reader sees that reasonably strong vegetation-
soil relationships do appear on the basis of the generalized mapping
units employed. A sound understanding of vegetation-soil systems and
physical factors influencing vegetation is of paramount importance in
providing natural resources people with the information and ecological
understanding they need.
We feel that since soils are an integral part of the environment,
both affecting and reflecting a number of physical variables, they should
be included in any ecologically oriented resource analysis.
Differences in soil surface color and roughness are easily monitored
on high-resolution, high altitude photography. Differences in soil taxa
appear to be related to these features. As vegetation-soil relationships
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Table 2-2. Vegetation-Soil Correlation Matrix
See Table 2-1 for technical soil mapping unit descrip-
tion.
See Appendix A-7 for vegetation unit descriptions.
Further refinement of the vegetational classification
to the specific plant community - "association" - level and
of soils to the series and sometimes to the phase level w i l l
show the highest correlation between vegetation and soils and
permit definition of the specific ecosystems (vegetation-soil
systems) that comprise the landscape and are most meaningful
in land management decisions.
It is hoped that the reader w i l l acknowledge correlations
of soil mapping units and vegetation units. Broad correlations
in the study area can be noted as follows: Typic Torrifluvents
occur with 321.1, 321.2, and 321.9; Typic Haplargids occur with
321.1, 321.2, and 321.4; Typic Calciorthids occur with 321.2;
L i t h i c Torriorthents occur with 321.2, 331.*», and 342.1;
Shallow and Moderately Deep Soils occur with 321.2; Stony and
Rocky Mountainous Land types occur with 321.2, 331.4, 342.1,
and 361.; and A l l u v i a l Soils subject to flooding occur with
321.9.
V E G E T A T I O N U N I T S
— in — см m >— см — /a/
— — CM eg см /а/ /а/ ал <т» <r\
to
1/
/
э
сэ
z
о.
о.
3U
_,
о
to
см
га
Typic Torrif luvents
Ala
Alg X
A2e
Typic Haplargids
ВЗсВ
B4m X
B*tmB
Typic Calciorthlds
СбгВ
C6v
Lithic Torr iorthents
E8bB
Shal low Soi Is
FGrC
FGrB
FScC
FBaC
FAdC
Shallow and Moderately
Deep Soi 1 s
GCgC
Stony and Rocky
Mountainous Land
HRhD
HGrD
HBaD
HScD
HAdD
HGsD
Al luv ia l Soi ls
Subject to Flooding
Xa
CM CM CM CM CM CM CM
X X
X
x
x
X X X X
X X
X X X
x
X
X
X
X
X
X
X
X X
X X
X X
X
X
X
X
CM CM РЛ /T \O
X
X X
X X
X X X
X X
/
X X
85
do exist, further work on this problem is justifiable for stratification
purposes in the examination of vegetation units. This is particularly
true in desert environments where vegetation cover is low. Here the soil
surface may significantly determine the image characteristics of a vege-
tation/soil system.
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MULT I DATE PHOTOGRAPHY FOR IDENTIFICATION OF NATURAL VEGETATION TYPES
The primary thrust of this research work has been first, to investi-
gate the effect of a plant's phenologic stage on the Ektachrome Infrared
photographic image of that plant; and secondly, to capitalize on such
effects and identify natural plant groupings through photo interpretation.
As implied in this opening statement, most plants pass through a series
of changes during a year which constitute their respective phenologies.
These changes usually include leafing out, flowering, developing fruit,
and dropping leaves or maturation and dormancy. The sequence of change
may differ among plant species, as well as the time of year when an
analogous change occurs. However, for any one species the sequence
remains fairly consistant but the timing is subject to local climatic
condi tions.
Establishment of the relationship between phenologic patterns and
the a b i l i t y of a remote sensing system such as Ektachrome Infrared photog-
raphy to record these patterns contributes not only to current ongoing
ecological resource inventories of the test sites, but also to preparedness
for use of ERTS and Skylab remote sensing data.
To achieve this end, a test area has been designated, a ground moni-
toring program conducted for the past one and three-quarter years, and
an aerial photography monitoring program initiated.
The test site has been previously named the Tucson-Wi1Icox-Ft. Huachuca
Triangle, the Southern Arizona test site, and the Ft. Huachuca test site
(Site 220). It constitutes the southern half of the southeastern quarter
of the Arizona Regional Ecological Test Site as it is now designated. It
is a rectangular area extending from 109°  ^9' West Longitude to 1 1 1 °  10'
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West Longitude, and from 31°  30' North Latitude to 32°  10' North Latitude.
The area included is approximately 3600 square miles.
This region is important as a test site because of the variety of
vegetation within it. Included are vegetations representative of the
Arizona Upland portion of the Sonoran Desert, the desert grassland (steppes),
shrub/scrub lands (including some species from the Chihuahuan Desert),
savanna, and wooded and forested lands. A vegetation map of the area w i l l
serve as a ground data control against which multidate photography analysis
can be checked. The map w i l l serve the same purpose for future tests of
ERTS data.
The ground monitoring program conducted over nearly two years has
provided field notes and ground photographs of most of the vegetation types
of the test site at several key seasons during both years. All phenologi-
cal stages of the predominant plant species in each vegetation type have
been documented. This documentation provides a phenological calendar for
the vegetation types.
The aerial photography monitoring program is being conducted by the
NASA Aircraft Program in compliance with photographic requests submitted
by our group. The request was made for specific film-filter combinations
flown to specified scale at each critical time period. Each specification
was made after considering how to best record the phenological stages
of the major plant species. Ektachrome Infrared was requested in three
scales and two format sizes obtained from the same flight altitude.
Flight times requested were: mid-August, late October, early November,
early January, late February - early March, and late June - early July.
A special request was made to adhere to the same film-filter types through
all photographic missions. Comparison of data is severely complicated by
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interchanging several types of Ektachrome Infrared film, each having
slightly different dye spectral sensitivities and/or being developed to
characteristically different color balances.
At the time of this writing, two photographic missions have been
flown. The first listed above (mid-August) was postponed because of air-
craft wing modifications and was flown instead on September 11. The
duplicate data from this flight were received October 22. The second flight
was flown November 8; the duplicate data has not yet been received.
The September 11 photography provided the first complete coverage
of the test site. Ektachrome and Ektachrome Infrared f i l m types were
flown in RC-8 cameras with 6-inch focal length lenses to obtain a scale
of about 1:120,000 with 60 percent forward lap and 20 percent sidelap.
The Ektachrome Infrared was used for making 9" X 9" black and white copy
negatives and these, in turn, to make prints for a mosaic and a field
working set.
This mosaic w i l l provide the photographic base for the vegetation
map of the test site. Preparation of this map, which is s t i l l proceeding,
includes the use of ground data obtained within the test site since
December, 1966. Most of the data points were located at-the time of
collection by Universal Transverse Mercator Grid coordinates; others
according to Township and Range. All have been plotted on AMS map sheets
or other aerial photography. Each data location is also classified accord-
ing to the legend notation for the vegetation type sampled. Both these
procedures are now facilitating production of the vegetation map. They
aid transfer of information to the photo mosaic map and greatly reduce
the need for further field checking.
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The ground monitoring program has provided the basis for generally
classifying the predominant plant species according to their phenological
patterns. The classification consists of three groups, the evergreens,
cool-season deciduous, and the warm-season deciduous.
Common evergreen species of the area include Larrea tridentata,
Franseria del to idea, Simmonds ia chinens is, Haplopappus laric? folius,
Yucca spp., Noli na mi crocarpa, Dasy1i rion wheeleri, Agave spp., Condalia
spathulata, Mortonia scabrella, many of the oak species, many chaparral
species, junipers, pinyon pine, and Ponderosa pine. These are plants
which retain their leaves or needles throughout a year. The color of
the leaves may change depending on moisture availability, as appears to be
the case with Larrea tridentata. During drought periods, the leaves
lose their green color and appear more yellow. During times of extreme
drought, plants of this species may drop portions of their branches (self
pruning). Yucca spp., Nolina spp., and Dasyli rion spp. usual ly have young,
mature, senescent, and dried leaves all on the same plant and usually
arranged on the plant from top to bottom in that order. Some of the
evergreen oak species have both old and new leaves at the same time. The
old leaves contribute yellowish colors, while the new leaves contribute
green colors to the visual appearance of the tree. The leaves of one oak
species, Quercus oblongifolia, all turn a dull red before they drop in
May and June.
The cool season deciduous plants are those which leaf out in the
spring (April - May). Important species of this group are Cercidium spp.,
Prosopis Juliflora, Haplopappus tenuisectus, Gutierrezia sarothrae,
Cel tis paUida, Acacia greggi \ , Rhus microphy \ la, Hourensia cernua,
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Lyciurn spp. and Populus fremontii. Cercidiurn microohy1 Turn and £.. floridum
may leaf out and drop their leaves more than once in a year depending on
available moisture conditions. Haplopappus tenuisectus may start leafing
out in January and Prosopis juliflora (mesquite) may, in January, s t i l l
be retaining dried light green or yellow leaves from the previous year.
Mesquite may grow both on the uplands and in the drainageways. The
latter may also serve as cold air drainages. The cold air retards the
mesquite in the spring and also causes it to drop its leaves sooner in the
late fall than is typical of the mesquite on the uplands.
Warm season deciduous plants leaf out in the late summer. The most
important of these are the perennial grasses. Some of these grass species
show a l i t t l e leaf growth during the early spring. By far,the major growth
occurs following the summer rains. Even at this time, the green growth
may be equaled on a volume basis by the cured leaf and culm material
remaining from the previous years. Only where fires have occurred (sometimes
as a management practice) do the grasses appear strongly green and record
as bright red on Ektachrome Infrared film.
The above review of some of the major plant species or groups of
species shows how they may be grouped according to their phenological
patterns, but also serves to show how variations in these patterns and
other events which are not a part of the phenology can alter the appearance
and reflectance of a plant.
We had hoped that early September would substitute for the August
date but September 11 was marginal. The Ektachrome Infrared photography
obtained on this date was too late to image the perennial grasses in
their optimum green leaf stage; photography a month earlier is s t i l l
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required. For this reason, another request has been submitted to obtain
photography in mid-August, 1971-
Unt il a complete set of multidate Ektachrome Infrared photography
is obtained, it w i l l be impossible to complete this experiment. It
remains to be seen whether or not vegetation types can be delineated
and identified more accurately on the basis of the phenological and
associated spectral reflectance patterns of their predominant species.
Our work of this report period does not decrease our expectation of
eventual success.
Summary
The multidate photography test area supports a wide variety of
vegetation types, all of which can be found at two or more locations
with i n the site. Each of these types has characteristic species which
predominate the type because of their size and/or the relative ground cover
they contribute to the total vegetative ground cover. Each species has
its own unique phenologic pattern which it follows each year, but although
there are individual variations inherent in each pattern, there is also
a simi l a r i t y among patterns which allows them to be grouped into the general
categories of evergreen, cool season deciduous and warm season deciduous.
Ground photography of numerous plant species at their different phenological
stages has produced a collection of photographic images which have different
color balances depending on species and phenological stage. Ektachrome
Infrared aerial photography obtained at opportune times has served to
demonstrate the relationship between phenological stage of a predominant
characteristic species and color balance of the photographic image of a
vegetation type. This has been witnessed for evergreen oak, bottomland
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perennial grass, and mesquite bosque types. A research program has been
started making use of the NASA high altitude aircraft program to study the-
usefulness of phenologic and associated spectral reflectance changes for
interpreting multidate Ektachrome Infrared photography in terms of natural
vegetation types. It has been found that the timing of photography is
very critical, at least when obtaining optimum photography of perennial
grasses. At the time of this writing, three more photographic missions
have yet to be flown for this investigation.
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TEST OF LEGEND ON THE CALIFORNIA DESERT PROJECT -
BUREAU OF LAND MANAGEMENT
In late summer, 1970, the California State Office, Bureau of Land
Management, became interested in some of the techniques we have developed
to inventory and evaluate surface features of the land. The question
arose as to whether our southern Arizona techniques and legend could be
applied in the California Desert Program. At the request of J. R. Penny,
California State Director, BLM, a briefing and seminar on work performed
under the NASA Earth Resource Program was presented to the Sacramento
Staff on September 15 by Robert N. Colwel1, Forestry Remote Sensing Lab-
oratory, University of California, Berkeley, and Charles E. Poulton and
James R. Johnson, Range Management Staff, Oregon State University. The
seminar and subsequent Bureau participation was organized and coordinated
by Dillard H. Gates, Oregon State University, who is on special assignment
to the California State Office, Bureau of Land Management. The California
Staff was convinced that the use of space and high altitude aerial photog-'
raphy with the photo interpretation and ecological field procedures
developed by the Range Management staff at Oregon State University merited
a field test as part of a resource information system for the California
Desert Program.
The Bureau sent a two man team, B i l l y Templeton and John Mezes, to
Oregon State University for a three-day training session in our legend
development and photo interpretation methods, and to delineate and pre-
interpret available aerial photography in preparation for the field work
required to adapt our Southern Arizona mapping legend to the California
Desert test si te.
A subsequent and more detailed feasibility and planning seminar for a
a selected group of the California BLM staff was conducted by Poulton and
David P. Faulkner from the NASA team at Oregon State University.
Ecological resource analysis procedures developed by the Oregon
team on the NASA project and in other research supported by the
Bureau of Land Management, the U. S. Geological Survey, and the
Oregon State Land Board were explained to the group. ' Additional
procedures were demonstrated in the f ie ld on a test area selected
by the Bureau. This test area is wi th in coverage of Army Map Service,
NASA space and high alt i tude photography, as well as 1:141,000 and
\:2A,000 USGS photography.
Wi th Templeton as Party Chief, John Mezes (vegetation),
Stuart Porter (watershed) and Mike Ryman (geology) completed the
map and extensive resource inventory for the 300,000 acres test
area at a cost of $.033 per acre ( training included) by heavy reliance
on photo interpretation and a 10 percent ground check. The ground
checking indicated vegetation identif ication accuracy of about 90 percent.
A portion of their mapping is shown in Figure 2-3. This full scale
reproduction is of a mosaic made from duplicate prints used in photo
interpretation and mapping. The scale of the unrectif ied mosaic is
approximately 1:7*»,AOO produced from 1:1^1,000 USGS black and white
photography.
With Bureau permission, excerpts from their reports are incorporated
here to further document and confirm the appl icabi l i ty of the legend
and ecological concepts and practical feas ib i l i t y of the operational
resource analysis procedures developed by Poulton and his associates.
Field Party Chief B i l l y Templeton, outlined two objectives:
The resource inventory was conducted to determine the
usefulness of an ecologically based survey for the
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Figure 2-3. An example from the Bureau of Land Management California Desert
Project vegetation resource map produced on USGS high altitude
photography.
This is only a portion of the map produced for the test area and
serves to illustrate the regional adaptability of the natural vegetation
legend. Some changes have been made in the symbols from the original
BLM code to correspond with the updated legend.
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collection of mult iple land use data. This would depend
upon identifying a relationship between a recognizable
soi1-vegetation system and one or more speci f ic land uses.
The second objective was to develop a numerical legend
supported by a descriptive legend which would faci l i tate
computer storage of inventory data for immediate recall
and use.
Wi th what appears to be a highly sat is factory transition, the
legend, as developed in southern Arizona, part icular ly in the NASA
Maricopa County Test Site 29, was applied to vegetation and landform
features found in extreme southeastern Cal i forn ia. Only a portion
of the legend developed for Arizona was required in Cal i forn ia. In
general, landform features applied equally wel l to both areas wi th
some notable addit ions necessary for the Cal i forn ia test area. Four
classes of sand dunes were identif ied, c lass i f ied , and adapted to the
exist ing landform portion of the legend. Seven vegetation-soil systems
were added to the legend. Five of these fit in the 21 .1 type, one in
the 21.9 type, and one required an additional secondary level category.
All other systems were c lass i f iab le by the exist ing legend. As greater
information is gained in the Southwest, more categories w i l l without
doubt be added, and exist ing categories modified to encompass the full
scope of ecological var iat ion in the southwestern deserts.
Templeton reported on the sui tabi l i ty of ut i l izing the photography
for identification of vegetation-soil systems in the test area:
In detecting soi1-vegetation systems by aerial photo signature
in the interpretation phase, tone differences sometimes
resulted from a difference in the soil surface rather than
the prominent vegetative cover. Differences in the vegetation
were often so subtle that they were not s ign i f icant for manage-
ment purposes, even though a dist inct tone differentiation was
apparent on the photo.
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Some significant differences which were not detectable by
interpretation included the photographic signatures of brittle
bush, Encelia farinosa and bursage, Franseria dumosa,... soil
type in relation to indicator species and minerals in relation
to indicator species. Some of these differences can be
interpreted by associating topography and landform with
tone differences.
A percentage accuracy figure would be unrealistic, since most
of the erroneous interpretations were errors of degree rather
than actual misinterpretations.
In addition, brief statements of usefulness of this type of inventory
for the test area were enumerated for w i l d l i f e , watersheds, and livestock:
Wil d l i f e :
1. The distribution of burro mule deer corresponds to the
distribution of i ronwood.
2. Dove nesting is in association with the riparian vegetative
type.
3. Bighorn habitat can be identified by combining vegetation and
landform information.
4. Upland game habitat can be identified by combining vegetation
and landform information.
Watershed:
1. Watershed protective cover can be identified.
2. Erodability of soils can be identified.
3. Drainage patterns and landforms aid in evaluating a watershed.
Livestock:
1. Although not a factor in this area, livestock forage types could
be identified.
The only criticisms listed by Templeton were that more detailed
interpretation would have been possible had larger scales of color
infrared as well as black and white photography been available. His
other comments pertinent to this report follow:
The value of this inventory technique is in coverage of large
acreages in a very short time and at a low cost per acre. The
inventory data yielded is useful in almost all phases of land
management. Therefore, this is a practical technique for use
in a resource inventory of a large area like the California
desert.
The legend development phase of the study consisted of the
refinement of an already existing legend developed by Dr. Charles
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Poulton and associates of Oregon State University...The
symbolic legend would presumably make computer storage
of inventory data practical. A legend of this type can
be made applicable to the area under study and was used.
Three other BLM employees gave their analyses regarding the test.
A. E. Smith, California State Office, reported on the value of the study
as it relates to w i l d l i f e management:
This study should give us good information on the vegetative
types and associated landforms. In order to have a complete
inventory of the desert, I think it would be desirable to have
complete coverage by this method. This would give us the
total picture for future planning. Some of this information
may be of more value than we can now visualize u n t i l we get
into detail inventories of various w i l d l i f e species.
This type mapping w i l l be a valuable tool in the w i l d l i f e
inventory process. However, it w i l l only be a part of the
base information from which more detailed work w i l l be needed.
At present, I see no way to gather further (better) information
for w i l d l i f e over what they are now doing.
The third appraisal is from Stuart Porter, watershed specialist and
field team member, California State Office, who evaluated the study from
the soils inventory standpoint:
...the method provides a great deal of information at
relatively l i t t l e expense in money and manpower. Chief
criticism of the exercise recently completed is that insuf-
ficient time was available to properly locate and catalogue
the variations in soil surface and subsurface conditions
within each delineated area. The inventory, when correlated
with other data similarly gathered, is believed to be ade-
quate for general land planning. Any proposal for intensive
site development should necessarily include a more detailed
soil survey together with interpretative determinations.
In conclusion, our recommendation...is to continue this type
of inventory in the remaining desert area...
The fourth review was provided by A. C. Tocher, recreation specialist,
California State Office, who devised a checklist to compare information
gained from the study with that already available. His conclusions are
the result of that comparison:
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The work performed...did not identify any specific items
that I feel relate to recreation resources - or that are
in sufficient detail that could be useful (to justify an
allocatable cost to Recreation)...
It is difficult to give a yes or no to the study effort.
If the study was broadened to include lower altitude flights
(1-10,000) and a greater breakdown on geology (such as cliffs
peaks - mesa top formations, etc.) it is possible that this
type of information could then be useful to the recreation
program.
Conclus ion
Although the Bureau of Land Management is not the "ultimate user"
of the Ca l i fo rn ia Desert per se, it is the principal resource agency
responsible for guiding user ac t iv i ty w i th in the area. Addit ional
resource inventory and analyses have been ident i f ied by the Bureau
as necessary prerequisites for direct ing user ac t i v i t ies in an
ecological ly sound manner. U t i l i za t ion of smal l -scale aerial
photography, when coupled w i th an ecological approach to interpretation,
appears to be gaining favor as a resource information gathering and
display technique in semiar id and a r i d environments. The generally
sat isfactory information gain coupled wi th relat ively low costs and
short time requirements seemed part icular ly advantageous to most of
the Bureau members who have been involved in this Cal i forn ia Desert
test project. Some favor advancement of these techniques to an
operational level, whi le others apparently favor additional investigation,
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PART 3
A PHOTO MOSAIC MAP SHOWING NATURAL VEGETATION RESOURCES,
AGRICULTURE AND URBAN LAND USE IN A PORTION OF MARICOPA COUNTY, ARIZONA
The accompanying black and white photo mosaic map (in pocket) was
produced from nine inch format Ektachrome film taken with an RC-8 camera.
The imagery was obtained from approximately 60,000 feet above the terrain
during NASA Mission 139, July 28, 1970. All five flight strips were used
and they cover the Phoenix Test Site, Number 29. A slight reduction from
the original scale of 1:124,000 to 1:133,^00 was necessary to enable the
photo processor to reproduce the photo on one piece of photographic paper.
The mosaic covers much of the same area that was s i m i l a r l y mapped on
three frames of Apollo 9 photography and presented by Poulton, et al.
(1970). The scale of the space photo map (1:780,000) and low intensity
mapping combine to make that map useful for some types of regional or
county planning. Additionally, mapping at this or s i m i l a r scales can
provide a type of stratification which simplifies greater intensity studies
which can be portrayed on intermediate or large scale photography.
We consider the pocketed photo mosaic map to be intermediate in scale
and mapping intensity and ideal for cartographic presentation of data
essential for county level planning. This particular photo mosaic illus-
trates several points: (1) The three legend codes previously discussed
in Part 2 can be integrated into a useful, single code which includes both
surface resources and land use. (2) High altitude photography of this scale
aids in stratification for -more detailed ground or multistage examination
of natural and cultural features. (3) The u t i l i t y of monitoring gross
changes in land conversion is apparent through mapped photography at this
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scale. CO Land use development can be given general but ecologically
sound guidance once the taxonomic, naturally vegetated units are identi-
fied and their respective responses to land use practices are known.
Although statistical summations have not been included in this report,
statistical development for the naturally vegetated, urban, and agricul-
tural parts would provide valuable monitoring and planning information.
Monitoring changing size of urban lands is of considerable importance. The
amount of land devoted to particular crops is of concern in agricultural
land. In naturally vegetated land near urban complexes, a knowledge of
the amount of various land classes available and appropriate for urban
expansion as well as other uses is essential.
The urban land delineations are highly generalized. Only a few of
the specific land use conversions have been separately delineated, namely,
aircraft facilities (5^3-1 and 5&7.5) and a single open pit mine (585)
located immediately east of the McDowell Mountains. The reason for general-
izing the urban lands in this manner is that our respective research
responsibilities have concentrated on agricultural and naturally vegetated
lands. Primary responsibility for urban applications in this area and
reporting of results to NASA has rested with Dr. Duane Marble, Northwestern
University. Detailed mapping of urban complexes would probably be of
greatest value for monitoring purposes.
The agricultural lands have mostly been complexed over large blocks
of land and into relatively few components. The information for the
components was synthesized from detailed ground truth examination and photo
interpretation, the results of which are computer stored. Although it is
quite apparent that greater mapping intensity is possible at this scale
and resolution, the intent was to indicate: (1) The general location of
the land which is predominantly agricultural, and (2) the major components
to the nearest 10 percent. The latter objective can be of value at
future dates when it is desired to determine, in a highly general way,
changes in land use. These changes may be differences in crop type,
in the amount of idle land, or in the amount undergoing urbanization.
Monitoring could have been done in much greater detail had we been w i l l i n g
to accept components in the complexes which occupied less than 10 percent
of the land, e.g., five percent. This would have substantially increased
the number of components identified in the complexes suggesting greater
map u t i 1 i ty.
Mapping of the agricultural lands at the indicated intensities could
also provide one level in a photo interpretation subsampling scheme to
determine the acreages of primary crops. This has been one of the objec-
tives of the Forestry Remote Sensing Laboratory personnel. Through multi-
stage sampling, estimates of crop yield are feasible (see Part 1) usually
at greatly reduced cost.
The value of this kind of map for naturally vegetated resources and
land uses is most easily illustrated by reference to three units from the
symbolic legend, 321.11, 321.21, and 321.^1. These three are described
in Part 2, Examples of Vegetation-Soil Systems in Maricopa County, and
Appendix A-7. The map displays all the areas where the described resource
characteristics are to be found. Thus, much of the potential candidate
areas for agricultural development are graphically portrayed by delinea-
tions labeled 321.11. Some of these areas have road patterns which would
suggest these potential crop lands are being diverted to suburban resi-
dences.
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Better candidate areas for urban development or small suburban
residential acreages are found in delineations 321.21. Small lots for
residences with interesting vistas of the desert are also often found on
the related 321.22 types, e.g., NNW of Sun City. Littl e land use conflict
is likely to result from allocation of some of these kinds of areas to
this high-value land use.
In the 321.21 delineation about 18 miles north of Scottsdale one can
see new residential development underway. Based on such knowledge as we
now have, this is an ecologically acceptable land use. The primary risk
is erosion along roadways and paths. If adequate precaution is taken to
minimize these risks, no serious land use conflicts should develop.
A candidate area of unique sight-seeing, recreation and photographic
interest, 321.^1, can be found northeast of Phoenix near Bartlett Reservoir.
Intensive land use would be considered unsuitable in this area.
Many of the vegetational units delineated are of sufficient detail
to be of general value to the resource manager. Once a unit is identified,
it can be described by vegetational components, associated macrorelief and
landform. When this information is combined with that afforded by the map,
i.e., size, types of neighboring units, accessibility, etc., suitability
judgments can be made concerning livestock and/or specific w i l d l i f e uses.
When used as a base map, the photo mosaic and accompanying information
provides the opportunity to develop overlays or other maps to better dis-
play specific kinds of information. Some of the more obvious types might
show lands suitable only for agricultural development, only for urban
development, only for recreation, or combinations of these and other uses.
Resource inventories which do not take an ecological approach similar
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to the one used for the naturally vegetated lands seen on the mosaic,
cannot, with ecological soundness, provide adequate information necessary
to consider the alternatives to land use management.
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Appendix A-l. Symbolic, technical, and descriptive legend.
PRIMARY RESOURCE AND LAND USE CLASS
Mapping
Symbol
Techn ical
Legend
Descriptive
Legend
100 Barren Lands
200 Water Resources
300 Natural
Vegetation
Agricultural
Lands
500 Urban and
Industrial Lands
The prominent features of barren lands are
bare mineral soi ls and/or rocks.
Vegetation is lacking or so widely scattered
that the overall aspect is of a denuded area.
Barren lands do not include temporarily
denuded lands such as those caused by
cult ivation or plowing. Man-made barren
lands created by urbanization or industry
are found wi th in the 500 class. Barren
lands categories are given in Appendix A-2.
Only those areas perennially covered by
water and lacking surface vegetation are
classed as Water Resources. See Appendix
A-3- Vegetated water zones should be
designated 380. See Appendix A-*».
Areas in which successional processes give
an aspect of natural vegetation, even though
the area may at one time have been strongly
altered by man, are considered natural ly
vegetated. Areas such as logged-over
forests or burns left to successional
processes fit in this class. See Appendix
A-*» and A-7-
Agricultural lands are those which are
characterized by man's relatively constant
manipulation of the vegetation and
microenvi ronment; the presence of feed,
food, or fiber crops, and the general control
of both placement and growth of vegetation.
See Append! x A-5.
Those lands which have been altered by man
for l iving, manufacture, transportation and
related act iv i t ies are considered urban and
industrial lands. Because of the nature of
some of these land uses, they do not
necessari ly obscure classes 100, 200, or
300, in which case mapping units may contain
these classes along wi th one or more 500
class. See Appendix A-6 .
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Appendix A-2. Symbolic, technical, and descriptive legend.
BARREN LAND TYPES
Mapping
Symbol
Technical
Legend
Descriptive
Legend
100
10
Barren Lands
Playas
1 11
112
Uninterrupted Flats
Striated or with Dunes
13 Vegetated Hummocks
119
120
Other Playas
Dune Lands
121 Crested Dunes
Playas are undrained basins in the
arid and semi arid regions. They
are generally dry although they
may contain shallow water for short
periods at infrequent intervals.
The soils are usually saline or
alkaline and are fine to medium
textured.
The most common type of playa lacks
any definite breaks but rather
appears flat, concave or dish shaped.
Dunes frequently appear near edges
of playas, less frequently near the
center. Unvegetated dunes associated
with playas are generally active
and tend to migrate.
Occasionally xerophytic plants w i l l
occupy soil mounds causing
scattered vegetated hummocks to
interrupt the otherwise barren
playa.
Where soil particles, especially
sand, drifts and piles into series
of h i l l s or ridges, the area is
classed as Dune Lands. Dunes have
been variously classified as to
shape, origin, activity, and size.
For most mapping purposes, the
following subclasses based on
general appearances are acceptable.
All active dunes with a definite
crest/trough appearance are classed
as crested dunes.
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Appendix A-2 (Continued)
Mapping
Symbol
Technical
Legend
Descri pti ve
Legend
122
123
Rol1 ing Dunes
Flat Sand
Inactive Dunes
129
130
Other Dune Lands
Rocklands
131 Bedrock Outcrops
132
132.1
132.2
Extrusive Igneous
Deposi ts
Lava Deposits
Ash and Tuff
Deposi ts
The more undulating-active dunes
without a crest/trough system are
classed as rolling dunes.
Sandy areas without ridging are
s t i l l classified under dune lands
due to a covering or even p i l i n g
of shifting sands.
Many inactive dunes are vegetated
so would not be classed under
Barren Lands. Inactivity may be
due to a variety of causes: a
change in wind direction, a surface
cementation, the presence of
organic matter, and moisture.
Rocklands are quite a diversified
group with the main s i m i l a r i t y
being the presence of a high rock
and/or gravel cover. Rocks w i l l
often occur together unsorted as
to size or shape. Subclasses are
formed according to rock origin.
Those consolidated rock outcrops
which protrude through the soil
mantle from the substratum
characterize this class. Although
cracks or joints may be present
forming varying sized surface rocks,
rocks w i l l s t i l l remain residual.
These areas commonly occur as
ridges, mounds, and rimrocks.
Relatively recent volcanic action
leaves several types of igneous
deposits of importance; among these
are lava flows, pumice and cinder
(ash) deposits, and recent cones.
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Appendix A-2 (Continued)
Mapping
Symbol
133
Techn ical
Legend
133.1
133-2
133.3
13*
13*.1
13*.2
135
139
139.1
1*0
Transported Boulders,
Stones, and Cobbles
Talus & Colluvium
Glac ia l Dr i f t
Al luvia l Deposits
Desert Pavement
Gravel ly Desert
Pavement
Cobbly Desert
Pavement
Scarps
Other Rocklands
Patterned Rocklands,
Rocknets, and Stripes
Shorelines, Beaches,
and Riverbanks
Descriptive
Legend
Coarse materials deposited by
water, ice, and gravity are
included in this category. The
material may be stratified or
unstratified, sorted or unsorted.
A common feature of arid and
semiarid regions is the occurrence
of a layer of gravel and stone
devoid of finer materials. This
surface layer is known as desert
pavement. The exposed rocks
occasionally form a crust over
the soil mantle beneath.
Scarps serves as a general
classification for erosional
escarpments, faultlines, and
other clifflike rocky barrens.
Those land areas affected by the
wave, tidal and seasonal variations
of lakes, rivers, seas and oceans
are classed together as shorelines
and beaches. They vary greatly
in width and components so are
subdivided as to type.
I l l
Appendix A-2 (Continued)
Mapping
Symbol
Technical
Legend
Descriptive
Legend
Tidal Flats
142 Ocean Beaches
Lake Shores
144 Riverbanks and
Channels
149
190
191
Other Shorel ines
Undifferentiated
Barrens
Badlands
192 Mass Movement
These areas are periodically covered
by tidal waters. The lower portions
are covered daily while the higher
parts may be covered only during
storms or at extremely high tides.
The flats consist of silty and clay
materials but with sand streaks
common.
Ocean beaches are constantly affected
by wave and tidal action. The
beaches vary in texture from fine
sands to rounded boulders.
Lake shores normally lack
pronounced tidal action although
wave action is common. These shore-
lines are mostly formed through
seasonal fluctuations in the base
level of the lake.
Those areas are adjacent to the
main stream channel that are often
laid bare by flood action or
seasonal high water. A temporary
dry stream channel should also be
included.
These areas have a high silt/clay
content and are highly eroded into
"badland" formations. They
generally lack any rockland aspect
although rocks may be part of the
formations.
This class serves as a general
category for land slides, mud
flows, creep, slump, solifluction
features and other areas lai d bare
by mass movement of soils.
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Appendix A-2 (Continued)
Mapping
Symbol
193
Techni cal
Legend
Scarps
Slicks
Descriptive
Legend
As with the Scarp classification
under Rocklands, this class includes
both erosional and fault scarps.
This category is for non-rocky
scarps.
In some upland situations, areas
of bare mineral soil known as
siicks appear.
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Appendix A-3. Symbolic and technical legend.
WATER RESOURCES
Happing Symbol Technical Description
200 Water Resources
210 Ponds and Lakes
211 Ponds
212 Lakes
220 Water Courses
221 Rivers
222 Creeks
230 Bays and Estuaries
2^0 Oceans and Seas
250 Artificial Ponds and Reservoirs
260 Ice and Snow
290 Other Water Resources
Appendix A!^4. Symbol iс, technical , and descriptive legend.
NORTH AMERICAN VEGETATIONAL PHYSIOGNOMIC TYPES
Mapping
Symbol
300
320
330
3^ 0
350
360
370
380
Techni cal
Legend
Natural
Vegetation
Deserts
Steppes
Shrub/
scrub lands
Savannas
Wooded and
forested
lands
Alpine and
arctic tundra
Vegetation of
aquatic
envi ronments
Descriptive
Legend
See Appendix A/7 for components of
physiognomic types.
Deserts are typif ied by sparse vegetation
and are located in the more arid regions
of the Southwestern U.S. and Northern
Mexi со.
W i t h i n steppes, the herbaceous layer,
including both perennial grasses and
forbs, is usually prominent. Low to
medium height shrubs are scattered or
lacking except in some grazing d isc i imax
situations//notabl y among Great Basin shrub/
steppe types.
Medium to tall shrubs or small trees (scrub)
are the prominent vegetation. These usually
form a closed layer so that the herbaceous
layer is completely subordinate. The
herbaceous vegetation is highly variable
but can be important.
Dense stands of herbs overlain by scattered
indiv iduals of tall shrubs or trees.
The tree layer forms the prominent
vegetational feature. This layer often
forms a closed canopy over a variety of
subordinate vegetation.
Tundra is characterized by cold temperatures
and short growing seasons. The vegetation
is usually low and lacks dist inct layers.
The vegetation of aquatic environments
appears above the perennial water cover.
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Appendix A-5. Symbolic and technical legend.
The agricultural land use information is an adaptation by
W i l l i a m C. Oraeger, Forestry Remote Sensing Laboratory, of Claude
Johnson's horticultural/agricultural classification (Johnson, 1969).
Johnson developed his classification to replace the agricultural
portion of an urban and industrial land code (U.S. Dept. of Trans-
portation, 1969). The i n i t i a l "4's" replace "Si's" in Johnson's
code, and the decimals have been added. This minor revision allows
the intensive agricultural classification to be incorporated with
the natural lands legend and the urban and industrial land use code.
AGRICULTURAL LAND USE LEGEND
Mapping Symbol Technical Description
400. Agricultural Lands
410.0 Field and Seed Crops
411.0 Cereal and Grain Crops
411 .1 Ba r1ey
411.2 Buckwheat
1*11.3 Corn (Maize)
4 1 1 . 4 Sorghum, Grain
A l l . 5 Oats
411.6 Rice
411.7 Rye
411.8 Wheat
411.9 Cereal and Grain Crops, Other Differentiated
412.0 Legumes for Seed Crops
412.1 Beans, Field
412.2 Peas, Field
412.3 Lentils
412.4 Beans, Lima
412.5 Peanuts
412.6 Soybean (Food)
412.9 Legumes for Seed, Dry, Other Differentiated
413.0 Forage Crops (Non Grains)
413.1 Grasses, Short (i.e., Bermuda, ryegrass, Timothy,etc.)
413.2 Grasses, Tall (i.e., Sudan/Sorghum, Corn, etc.)
413-3 Legumes (i.e., Alfalfa, Clover, Vetch, etc.)
413.4 Roots
413.9 Forage Crops, Other Differentiated
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Appendix A-5 (Continued)
Mapping Symbol Technical Description
414.0 Sugar Crops
4l4. 1 Sugar Cane
414.2 Sugar Beets
414.9 Sugar Crops, Other Differentiated Field Crops
1*15.0 Fiber Crops
415.1 Cotton
415.2 Fiber Flax
415-3 Hemp
415.9 Fiber Crops, Other Differentiated
416.0 Beverage, Drug, Flavoring, or Spice Crops
416.1 Beverage Crops, Undifferentiated
416.2 Cacao
416.3 Coffee
416.4 Tea
416.5 Beverage Crops, Other Differentiated
416.6 Spice Crops
416.7 Flavoring Crops
416.8 Oru9 Crops
416.9 Beverage, Drug, Flavoring, or Spice Crop, Other
Di fferentiated
417.0 Oil Crops
417-1 Castor Bean
417.2 Flax, Seed
417-3 Perrilla
417.4 Safflower
417.5 Sesame
417.6 Soybean (oil)
417.9 Oil Crops, Other Differentiated
418.0 Rubber Crops
418.9 • Rubber Crops, Other Differentiated
419-0 Other Differentiated Field and Seed Crops
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Appendix A-5 (Continued)
Mapping Symbol Technical Description
420.0 Vegetable Crops
421.0 Perennial Vegetable Crops
421.0 Vegetable Crops, Perennial, Undifferentiated
1*21 .1 Asparagus
421.2 Artichoke, Globe
421.3 Horseradish
4 Rhubarb
421.9 Perennial Vegetable Crops, Other Differentiated
422.0 Green Legume (Pod) Crops
422.1 Beans, Green (Snap, Pole, Kentuckey Wonders ,Stri ng, etc. )
422.2 Beans, Green Lima
422.3 Peas, Green
422.4 Okra
422.5 Black Eyed Peas (Canned Green)
422.9 Legume Crops, Green, Other Differentiated
423.0 Salad and Greens Crops
423.1 Lettuce (Salad)
423.2 Celery (Salad)
423.3 Cress (Salad)
423. b Parsley (Salad)
423.5 Chinese Cabbage (Salad)
423.6 Chard and Kale (Greens)
423.7 Mustard Greens
423.8 Spinach Greens
423.9 Salad and Green Crops, Other Differentiated
424.0 Cole Crops
424.1 Broccoli
424.2 Brussels Sprouts
424.3 Cabbage
424.4 Cauliflower
424.5 Col lards
424.6 Kohlrabi
424.9 Cole Crops, Other Differentiated
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Appendix A-5 (Continued)
Mapping Symbol Technical Description
425.0 Curcubits (Vine) Crops
425.1 Cantaloupes
425.2 Cucumbers
425.3 Melons (Other than Cantaloupes)
425.4 Pumpkins
425.5 Squashes
425.6 Watermelons
425.9 Other Differentiated Curcubits (Vine) Crops
426.0 Solanaceous Crops
426.1 Eggplant
426.2 Peppers
426.3 Tomatoes
426.9 Solanaceous Crops, Other Differentiated
427.0 Root and Tuber Crops
427.1 Beets (Other than Sugar Beets)
427.2 Carrots
427.3 Parsnips
427.4 Potatoes (Tuber)
427.5 Radishes
427.6 Rutabagas
427.7 Sweet Potatoes
427.8 Turnips
427.9 Root and Tuber Crops, Other Differentiated
428.0 Bulb Crops
428.1 Chives
428.2 Garlic
428.3 Leeks
428.4 Onions
428.9 Bulb Crops, Other Differentiated
429.0 ' Other Differentiated Vegetable Crops
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Appendix A-5 (Continued)
Mapping Symbol Technical Description
1*30.0 Fruit and Nut Crops
l»31.0 Small Fruits
1 Brambles (Blackberry, Dewberry ,Boysenberry, Raspberry)
1*31.2 Blueberry (Huckleberry) and Cranberry
1«31.3 Currant and Gooseberry
1*31.1* Grapes
1*31.5 Strawberries
1*31.9 Fruit, Small, Other Differentiated
1*32.0 Deciduous Tree Fruits
1*32.1 Apple (includes Crabapple and Quince)
1*32.2 Apricot
1*32.3 Cherry
1*32.1» Fig
1*32.5 Nectarine
1*32.6 Peach
1*32.7 Pear
1*32.8 Plum (includes Prune)
1*32.9 Deciduous Tree Fruit, Other Differentiated
1*33.0 Citrus Tree Fruits
1*33- 1
1*33.2
1*33.3i»33.i*
1*33.5
1*33.6
^33.7
Grapef rui t
Kumquat
Lemon
Lime
Orange
Tangelo
Tanger i ne
3 Citrus Tree Fruit, Other Differentiated
1*3^ .0 Miscellaneous Evergreen Tree Fruit
l*3l*.l Avocado
1*31*.2 Date
S Mango
4 Olive
5 Papaya
l*3l*.9 Evergreen Tree Fruit, Other Differentiated
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Appendix A-5 (Continued)
Mapping Symbol Technical Description
435.0 Herbaceous Perennial Fruits
435.1 Banana
435.2 Guava
435.3 Pineapple
435.9 Herbaceous Perennial Fruit, Other Differentiated
436.0 Deciduous Nuts
436.1 Almond
436.2 Filbert (Hazelnut)
436.3 Pecan
436.4 Pistachio
436.5 Walnut
436.6 Nutmeg
436.9 Deciduous Nuts, Other Differentiated
437.0 Evergreen Nuts
437.1 Brazil
437.2 Cashew
437.3 Coconut
437.4 Litchi (Lychee)
437-5 Macadamia
437.9 Evergreen Nut, Other Differentiated
438.0
439.0 Other Differentiated Fruit and Nut Crops
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Appendix A-5 (Continued)
Happing Symbol Technical Description
435.0 Herbaceous Perennial Fruits
1 Banana
435.2 Guava
435.3 Pineapple
435.9 Herbaceous Perennial Fruit, Other Differentiated
436.0 Deciduous Nuts
436.1 Almond
436.2 Filbert (Hazelnut)
436.3 Pecan
436.4 Pistachio
436.5 Walnut
436.6 Nutmeg
436.9 Deciduous Nuts, Other Differentiated
437-0 Evergreen Nuts
437-1 Brazil
437.2 Cashew
437.3 Coconut
437.4 Litchi (Lychee)
437.5 Macadamia
437.9 Evergreen Nut, Other Differentiated
438.0
439.0 Other Differentiated Fruit and Nut Crops
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Appendix A-5 (Continued)
Mapping Symbol Technical Description
1*1*0.0 Livestock Facilities
Ml .0 Beef Cattle (Other than Dai ry— includes Feed Lots)
1*1*2.0 Horses
1*1*3.0 Swine
1*1*1*.0 Dairies and Dairy Feeding
1*1*5.0 Sheep
1*1*6.0 Goats
1*1*9.0 Other Differentiated Livestock
1*50.0 Animal Specialities
1*51.0 Chicken (Meat)
1*52.0 Chicken (Eggs)
1*53.0 Turkey
1*51*.0 Other Differentiated Poultry
1*55.0 Rabbits
1*60.0 Pasture and Range land
1*61.0 Pasture
1*62.0 Rangeland
1+70.0 Horticultural Specialties
1*71.0 Cut Flowers Stock, Covered
1*72.0 Cut Flowers Stock, Open Field
1*73-0 Nursery Stock
1*79.0 Other Differentiated Horticultural Specialties
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Appendix A-5 (Continued)
Mapping Symbol Technical Description
480.00 Non-Producing and Transit ion Cropland
481.0 Fallow Cropland
482.0 Plowed Cropland
483.0 Leached Cropland
484.0 Abandoned Cropland
485.0 Harvested Field (Stubble, Includes cropland open
to grazing)
486.0 Prepared Cropland (Ready for seeding, or seeded,
and/or irr igated)
489.0 Other Di f ferent iated Non-Producing Cropland
^90.0 Other Uses
492.0 Farmhouses and Adjacent Bui ldings
493.0 Agricultural Related Ac t iv i t ies
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Appendix A-6. Symbolic and technical legend.
Adapted largely from Standard Land Use Coding Manual
(U.S. Department of Transportation, 1969). The initial
"5" has been added to all of the Manual's code numbers,
as well as the decimals. These revisions al low the urban
and industrial land use code to be compatible wi th our natural
lands legend and Claude Johnson's horticultural/agricultural
classi f icat ion (Appendix A-5). Only a small portion of the
urban and industrial land use legend is presented below to
serve as an example. The major subcategories are shown, e.g.,
510, 520, . . . 590 whi le the detail of refinement is indicated
by unit 512.21.
URBAN, INDUSTRIAL, AND OTHER EXTRACTIVE LANDS
Mapping Symbol Technical Description
500 Urban and Industrial.
510 Residential.
511 Househould units.
512 Group quarters.
512.1 Rooming and boarding houses.
512.2 Membership lodgings.
512.21 Fraternity and sorority houses.
520
_ Manufacturing
540 Transportation, communication, and ut i l i t ies.
541 Railroad, rapid rail t ransi t , ...
543 A i rc ra f t transportation.
543.1 Airports and f ly ing f ie lds.
5 4 5 . 8 — Rural roadsystems (excluding expressways and freeways)
545.81 Hard surfaced, nondivided highway.
545.82 Graded and graveled roads.
545.83 Graded unsurfaced roads.
545.84 Ungraded roads.
545.8? Tra i l .
545.89 Undif ferentiated as to type.
1/ Rural roadway systems are features for which we have need to code and have
thus suggested use as indicated of the Manual 's open 458 category.
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550 Trade.
560 Services.
570 Cultural, entertainment, and recreational.
580 Resource production and extraction. NOTE: U t i l i ze
Claude Johnson's hort icultural/agricultural
c lass i f i ca t ion under "400" (Appendix A-5) in l ieu of
the Manual 's 81 category. Continue use of the Manual 's
82 through 89 categories under "580" this page.
590 Undeveloped land and water areas. NOTE: These
categories can all be ut i l ized under "500", except
for the Manual 's 93 category which should be used
under "300", Water Resources.
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Much of the descriptive information given in this appendix was
gleaned from F. Shreve in Kearney and Peebles (19^ 2).
NATURAL VEGETATION TYPES
Mapping Technical Descriptive
Symbol Legend Legend
320 Deserts
321 Microphyll desert generally with succulents (Northern
Sonoran Desert portion).
Sonoran desert vegetation occurs in south-
eastern California, southern Nevada, and southeastern
Arizona extending southward along both sides of the
Gulf of California. In Arizona, Larrea tridentata,
Franseria dumosa, and several Opuntia (cholla) species
commonly characterize the drier and lower reaches of
the microphy]1 desert. Acacia constricta and Fouquieria
splendens often dot the landscape. With high elevations
and generally more mesic moisture relationships, Larrea
tridentata continues as a frequent component as do a
greater variety of species including Franseria deltoidea,
Acacia greggi i, Encelia farinosa, Cercidium microphy1lum,
C. floridum,'Cereus giganteus, Mammi1laria, Echinocereus,
as well as the nearly ubiquitous, but somewhat patchy,
Opuntia (chollas). Microphyll desert drainageways are
characterized by a variety of species including Prosopis
juliflora, Cere idium floridum, Olneya tesota, Da lea
spinosa, Tamarix, and Atriplex. The highest elevations
are comparatively rich florestically having many of
the forenamed species plus Simmondsia chinensis,
Mimosa bJune ifera as representative of the more
common species.
321.1 Larrea tridentata and/or Franseria.
With i n this grouping, Larrea tndentata occurs
with few cacti or other shrubs excepT^ (1) in drainage-
ways or depressions, or (2) where Franseria dumosa or
F. del to idea is present and may predominate. These types
occur in the more arid portion of the Arizona desert,
covering bajadas and plains which may or may not also
support other vegetation in the runnels. Shrubs are
scattered; bare ground area is high. Runnels extending
far down the bajadas in the most arid regions seldom
carry water to their distal ends from the desert
mountains. These ends may support l i t t l e or no vege-
tation different from that on the interfluves. Closer
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321.1 (Cont.) to the mountain fronts, other species including Cercidium
microphyllum, Acacia greggi i, and Prosopis juliflora
contribute to a richer vegetation type in the runnels
in comparison to the interfluves.
321.11 Larrea tridentata wi th or without annuals.
Larrea tridentata can occur in nearly pure stands,
giving a monoculture appearance, but annuals may be
present during years when sufficient moisture is
available.
321.12 Larrea tridentata, Franseria dumosa.
Larrea tridentata and Franseria dumosa commonly
occur together, and frequently with l i t t l e other vegeta-
tion. Prominence between the two species may shift
such that either may clearly be the more prominent, or
they may share prominence.
321.13 Larrea tridentata, Franseria dumosa, H i l a r i a rigida.
Types containing Hilaria rlglda otherwise bare
strong resemblance to those of 321.12.
321.14 Larrea tridentata, H i l a r i a rigida.
Types containing H i l a r i a rigida without Franseria
are otherwise s i m i l a r to those of 321.11.
321.15 Larrea tridentata, Franseria deltoidea.
At higher elevations, Franseria deltoidea appears
to replace F. dumosa. Prominence between Larrea and
F. deltoidea may shift in much the same manner
does between Larrea and F. dumosa in 321.12.
as it
321.IX Other Larrea tridentata.
In southeastern California, Larrea has been
observed growing with species including Fagonia
chilens is, Encelia farinosa, and Ephedra. Because
of the uncertainty of their ecological relationships
and lack of descriptions, they have not been included
in the legend beyond the 321.1 level.
321.2 Franseria deltoidea (or F. dumosa), Cercidium microphyllum,
often with Cereus giganteus, and Encelia farinosa.Opuntia
(cholla) common.
In these types, Cercidium microphyllum may
predominate or otherwise be an important component
in several plant communities present on pediments,
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321.2 (Cont.) bajadas and h i l l s (macrorelief of 1, 2, and 3) within
the desert. At lower elevation pediments, the communi-
ties are relatively simple and C. mi crophy1lum is
usually accompanied by Franseria deltoidea and Cereus
giganteus. In some of the driest reaches, F. deltoidea
may be replaced by F. dumosa and C. gigantea may be
absent. The.presence of a considerably greater number
of microenvironments available in the varied relief
of h i l l y terrain is reflected in the greater number of
species included in each plant community. In these,
Franseria may be absent or only a minor component.
Various chollas and prickly pear (Opuntia) may contrib-
ute substantial numbers of individuals in many of the
units. In macrorelief classes 1 and 2, care must be
taken to distinguish between species which occur on
the interfluves and those in the runnels and washes.
As noted in 321.1, C. mi crophy1lum may occur in washes
within areas identified as 321.1. For example, where
stands of 321.15 are dissected by runnels supporting
C. microphyllum and other species, these types must
not be confused with those where C. microphyllum,
Larrea tridentata, and Franseria occur together on
the interfluves as in 321.21 below.
321.21 Encelia farinosa not present. Flora not rich as in 21.23.
Larrea tridentata often prominent.
Components of this unit occur in pediments and
bajadas (macrorelief 1 and 2). Franseria deltoidea
may have high cover values where it occurs, as can F.
dumosa where found in the drier areas. Cereus
giganteus is often present but may be lacking.
321.22 Encelia farinosa present. Flora not rich as in 21.23.
This unit occurs on hillsides (frequently basalt)
within the desert. Although Cereus giganteus is
generally present, it may be absent in some less favor-
able sites. Franseria deltoidea may also be absent
(or replaced by F. dumosa) /particularly in drier
regions.
321.23 Flora rich with some or all of Simmondsia chinensis,
Haplopappus laricifolius, Mimosa biuncifera.
Cercidiurn microphyllum and Cereus giganteus
are usually present in this unit whTchTncludes many
plant communities. Because of their complex distribu-
tion over finely dissected landscapes of macrorelief 2
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321.23 (Cont.) and 3, they frequently cannot be mapped as separate
communities. Associated species may include
Simmondsia chinensis, Haplopappus laricifolius,.
Canotia holacantha, Lyeiurn spp., Yucca baccata, and
Acacia spp. among many more.
321.3 Atriplex predominant.or a primary component.
Stands of vegetation having Atriplex occur
within the southwestern desert uplands and from plant
communities distinct from those of the Great Basin.
The common Atriplex species are A. canescens, A.
1 i near is, and A. polycarpa. Although other plant
genera are present, stands having Atriplex are generally
not rich. Occurrence is generally on level plains to
somewhat dissected terrain, often at low elevations
in the hotter and more arid portions of the desert.
For Atriplex occurring in drainageways see 321.93-
321.31 Atriplex canescens and/or 1i near is in nearly pure stands.
321.32 Atriplex canescens and/or 1i near is wi th Prosopis juliflora.
Prominence of the Atriplex and Prosopis are
variable. Opuntia (cholla) as wel1 as other species,
particularly shrubs, are common.
321.33 Atriplex polycarpa in nearly pure stands.
321.3** Atriplex polycarpa with Prosopis Jul if lora.
321.4 Cactus aspect.
In limited regions of the desert, cactus gains
dominance. Occurrence of cactus-dominant stands
appear less related to soil and geomorphic variations
than for non-succulent species. At lower elevations,
common vegetation associates include Larrea tridentata
and Franseria spp. At higher elevations, common shrub
associates include Cercidium spp., Acacia constricta,
and Prosopis juliflora.
321.Al Opuntia bigelovii clearly dominant.
Associated succulents may include Ferocactus,
prickly pear (Opuntia), and Echinocereus spp.
321.^2 Opuntia (cholla) other than 0. bigelovii dominant.
Several species of Opuntia (cholla) other than
0. bigelovii may be dominant or share dominance.
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321.*»2 (Cont.) Two of the more common ones are 0. fulgida and
0; spinosipr. In these stands, several other
~cactl (not chol las) are also common.
321.9 Floodplains and drainageways.
Throughout the desert, vegetation within the
major drainageways and floodplains is characteristic
of the region and is confined to the drainageways due
primarily to supplemental moisture. The drainageway
vegetation provides strong contrast to that found on
the surrounding terrain.
321.91 Prosopis jiil if lore bosque.
Prosopis is the most prominent species along
major drainageways reaching tree-like proportions of
30 feet near the primary river channels, becoming
smaller on the floodplains. Although associated shrubs
and understory vegetation are present in the bosque,
the aspect is completely dominated by Prosopis.
321.92 Tamarix pentandra
Tamarix occurs in dense stands in much the
same manner as does Prosopis (321.90- It generally
does not occupy as extensive areas as does Prosopis,
and is usually confined to relatively low elevation
waterways, and often saline soils.
321.93 Atriplex spp.
Stands of Atriplex 1i near is and A. canescens
often predominate in nearly pure stands along saline
floodplains. In general, the stands are further from
the channels than are other drainageway types.
321 .9*» Cercidium f loridium and/or Prosopis jul if lora wi th assorted
shrubs that may be predominant.
Heterogeneous mixtures of plant species also
occupy the waterways in a rich flora. Nearest the
river channels, Chi lops is 1inearis, Hymenoclea spp.
and Pluchea sericea occur wi th Cercidium floridium
and Prosopis juliflora. Common woody species in the
floodplains include Baccharis sarothroides, B. glut!nosa,
and Acacia greggi i . At low elevations, Da lea spinosa
can also be present.
330 Steppes
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331 Desert Grasslands.
Desert grasslands lie either within recognized
desert zones or in close proximity. They are influenced
by the desert vegetation, especially microphyll shrubs
and cactus species. Perennial grass species are abun-
dant while shrubs and cacti are scattered.
331.1 Grama grass (Bouteloua) steppe.
331.2 Molina and/or Yucca grassland.
331.3 Prosopis usually wi th Haplopappus tenu?sectus grass lands.
331.4 Cactus/shrub grassland.
331.9 Grassland bottoms.
331-91 Hilaria mutica (Tobosa grass).
331.92 Sporobolus wrighti i.
332 Salt desert shrub.
Salt desert vegetation occurs on saline or
alkaline soils notably in the great basin areas. The
most characteristic plants are Atriplex spp., Sarco-
batus vermiculatus, Kochia americana, and Eurotia
lanata.
333 Shrub steppe. Steppes in which scattered shrubs form a layer
above the grasses.
Shrub steppe vegetation is highly variable
both in species and distribution. Some of the more
notable shrubs are the sages (Artemisia) and black-
brush (Cpleogyne).
33^ True steppes.
True steppes are grasslands where forbs and
shrubs are generally obscure.
335 Meadows.
Meadows are dense grasslands, usually rich in
forbs and occuring in relatively moist areas.
3^0 Shrub/scrub lands.
131
Appendix A-7 (Continued)
Mapping Technical Descriptive
Symbol Legend Legend
Microphyl1-thorn shrub (as recognized in southeastern Arizona).
This broad vegetation unit occurs on rolling
and undulating uplands in southeastern Arizona, south-
western New Mexico, and extends southward into northern
Mexico. The vegetation in the unit is most strongly
influenced by that of the Chihuahuan Desert. Shrubby
species predominate, the most abundant including
Acacia vernicosa, Larrea tridentata, and Flourensia
cernua. Grasses such as Muhlenbergia porteri, Tridens
pulchellus, and Aristida spp. are also a characteristic
component although they may be abundant locally.
Perennial forbs are generally common, with Perezia
nana and Bahia absinthifolia among the better repre-
sentatives. With favorable conditions, annual grasses
and forbs can be abundant. Succulents, although
present, are scattered and not particularly prominent.
Depending on local variations of soil and physiography,
Acacia constricta and Parthenium incanum occur among
scattered individuals of Rhus microphy1 la and Condalia
spathulata. Associated with the unit, drainageways
are generally occupied by Prosopis juliflora with
perennial grasses such as Sporobolus wrightii often
present in the understory.
3^*1.1 Acacia vernicosa.
Acaci a verni cosa occurs wi th Larrea tridentata
and Flourensia cernua in this unit occupying extensive
areas on the uplands at either side of the San Pedro
River in southeastern Arizona. Besides the presence
of Prosopis juliflora along the drainageways, scattered
bushes of Condalia spathulata &Rhus microphylla on
the uplands, this unit is almost a pure type. Grass
cover is by no means important and where present is
characterized by Tridens pulchellus, Muhlenbergia
porter!, and scattered bunches of Ari stida spp. Forbs
in general are common but a few species typically
present include Bahia absinthifolia and Perezia nana.
11 Acacia vernicosa, Larrea tridentata, and Flourensia cernua^.
Acacia vernicosa, Larrea tridentata, and
Flourensia cernua are the main components of this
vegetation uni t which occupies an extensive area along
the San Pedro River. Condalia spathulata is also
present in the overstory but to a less degree. Shifts
in prominence of the species is determined by local
features such as soil, relief, and disturbance. Along
with the species mentioned above, Parthenium incanum
is commonly found in the understory.
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3^1.12 Acacia vernicosa, Mortonia scabrella.
This vegetation unit is easily characterized
by the presence of Acacia vernicosa and Mortonia
scabrella. It is restricted to particular soil types,
mainly those underlain by caliche.
3^1.13 Acacia vernicosa, Rhus microphylla, Nolina microcarpa.
Rhus microphylla, Molina microcarpa occur with
Acacia vernicosa in this rather unique vegetation unit
of limited extent. The type is adjacent to desert
grasslands. Yucca baccata Is also an important
component of this unit. Grass cover is restricted
to such species as Aristida spp., Tridens muticus,
Tridens pulchellus, and sometimes scattered bunches
oT^BouteToua eriopoda.
3^1.2 Acacia constricta.
Acacia constricta is a major component of vege-
tation units restricted to andesite and limestone h i l l s .
When in limestone, companion species include Quercus
pungens, Mortonia scabrella, and Parthenium incanum
wi th scattered Fouquieria splendens and Erythrina
flabel 1i formis. Grasses are not an important component,
limited to a few species, with Muhlenbergia pauciflora
being the most common. When on andesite h i l l s , the
Acacia occurs with Lippia wrighti i. Although grasses
are patchy, they are important, especially H i l a r i a
belangeri and H. mutica.
3^1.3 Fouquieria splendens, Lippia wrighti i, and Acacia constricta.
This unit with Fouquieria splendens and Lippi'a
wrightii occurs on granitic h i l l s or on a l l u v i a l fans
originating from the h i l l s . In general, Fouquieri a
dominates the aspect of the landscape because of its
size and abundance. Lippia, although well distributed,
is patchy as is Parthenium incanum. Grass is abundant
with the most common species being Bouteloua curti-
pendula, B. eriopoda, B. chondros ioides, B. eludens,
and Andropogon barbi nod is.
3^2 Chaparral brushland.
Chaparral vegetation is dominated by stiff
branched shrubs which usually include Adenostoma,
Ar'ctostaphylos and Quercus.
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3^2.1 Arizona chaparral.
Arizona chaparral is located throughout the
foothills of the MogolIon Rim, generally between
3500 and 6000 feet. Most of the shrubs are evergreen
with some of the more common being Quercus turbinella,
Archostaphylos pungens, Rhus trilobata, Cercocarpus spp,
Garrya wrighti i, and Fallugia paradoxa.
3^3 Mountain brush.
350 Savannas.
351 Juniper (Juniperus) grassland savanna.
352 Oak (Quercus) grassland savanna.
360 Wooded and forested land.
36! Xeric evergreen forest and woodland.
These forests and woodlands occur on foothills
and mountain slopes below the mesic forest types.
Commonly, some of these types are known as pygmy
forests. The most common trees are junipers, oaks,
and pinyons.
361.1 Oak (Quercus) woodland.
361.2 Juniper (Juniperus) woodland.
361.3 Pinyon pine forest.
361.4 Pinyon/Juniper woodland.
361.5 Cypress/Pinyon woodland
361.6 Oak/Juniper.
362 Sclerophyll (evergreen-broadleaf) forest.
363 Conifer forest (excluding xeric woodlands).
363.1 Western pine forests.
364 Conifer/Hardwood forest.
365 Deci.duous (broadleaf) forest.
369 Wooded drainages and floodplains.
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MACRORELIEF CLASSES -
Mapping
Symbol
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Legend
Descriptive
Legend
1 Flat Lands
la
Ib
Rol1 ing and
Moderately
Dissected
Lands
2a
2b
A generally flat landscape with prominent
slopes less than 10 percent.
The landscape is essentially smooth.
Dissection is minimal. The regional
slope in this class is nearly always
between 0 and 3 percent.
The landscape is relatively flat; however,
dissection has progressed to a noticeable
point. Dissection is either sharp and
widely spaced (in which case side slopes
may be over 10 percent), or gently rolling
and more closely spaced. Where side
slopes exceed 10 percent, microrelief
is generally less than 10 percent.
A rolling or moderately dissected landscape
with prominent slopes 10 to 25 percent
(side slopes may exceed that figure in
the case of dissected planar surfaces).
The landscape is roll ing or h i l l y ; a
regional slope is not readily apparent -
or - a regional slope of 10 to 25 percent
is present.
The landscape consists of a moderately to
strongly dissected planar surface (i.e.,
pediment, bajada, valley f i l l , etc.). The
regional slope is generally between 2 and
6 percent; side slopes must be steeper
than 10 percent. If side slopes are
steeper than 25 percent, relief must
be less than 100 feet. The drainage
network is finer than that of Ib.
]_/ Mapping legend for macrorel ief adapted to fit the geomorphology of southern
Ari zona.
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H i l l y Lands The landscape is h i l l y
slopes are moderate to
exceeding 25 percent,
over 100 feet but less
to submountainous;
steep, predominantly
Rel ief i s generally
than 1000 feet.
Mountainous
Lands
Where relief approaches 1000 feet, the
landform system appears to be relatively
simple - with smooth slopes. Drainage
systems generally have the same base level
The landscape is mountainous, having high
relief, usually over 1000 feet. Slopes
are moderate to steep, frequently
exceeding 50 percent. The landform
and drainage systems are usually complex,
with drainage networks having base levels
quite independent of one another.
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ECOLOGICALLY RELEVANT PHYSICAL FEATURES
Relevant physical features are those physiographic features of the
landscape which have a dominating influence upon the plant community
occurring there. These features have meaning for ecologists, planners,
and resource managers. Relevant features used for ecological character-
ization of landscapes and resource analysis should indicate one or more
of the following differences:
1. The relative elevations of the area. (Uplands vs.
lowlands)
2. The origin of the formations and soils.
3. The relative protection of the slopes.
k. The gradient, length, and slope position where
relevant to vegetational change.
5. Those landscape features resulting from unique
geological influences relevant to the ecosystem.
The first four of these discriminations are almost universally applicable
in all temperate regions. The fifth discrimination must be locally deter-
mined for the geomorphic province in which work is being done.
These features or mapping classes are designed to be used primarily
. as environmental descriptors for natural vegetation. In the case of barren
lands and water resources, these are often redundant but may s t i l l be used.
Both agriculture and urban/industrial lands often have enough modifying
effect that the physical features are masked.
Mapping Technical Descriptive
Symbol Legend Legend
A Wet lands.
Wet lands are those that are heavily influenced
by water resources. Usually these areas are covered by
water but may be exposed for short periods of time.
Aa Swamps and marshes.
Swamps and marshes include both fresh and salt
water flooded areas. Swamps contain woody vegetation
rooted below the water while marshes contain herbaceous
vegetation.
Ab Lakes, ponds, and resevoirs.
Lakes, ponds and reservoirs differ ecologically
from swamps and marshes in the degree of zonation exhibited.
Lakes, ponds, and reservoirs usually have a zone of water
free of emergent vegetation.
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Ac Intertidal zone.
Tidal zones closely parallel continental shelves.
This is the area of the ocean where plant and animal life
are directly affected by the tides.
В Bottomlands.
Bottomlands consist of the valley, drainage, or
basin floor of each watershed. They extend from the lake,
playa or stream channel outward and often slightly inclined
to include the floodplains, stopping at the first terrace,
peripheral fans, or at the valley wall.
Ba Stringer bottoms or narrow drainageways.
The subclass narrow drainage or stringer refers
to those drainage bottoms which are occupied by one plant
community or habitat type between the side slopes (exclu!
sive of stream bed and wetland fringe). Normally this is
a narrow band ranging from a few feet to several hundred
feet wide.
Bb Valley bottoms or wide drainages.
Wide drainages occur along stream margins but
are relatively wide. They usually have two or more habitat
types between the stream channel and the first terrace
or slope toe. The width of a valley bottom may range up
to several miles. This subclass may also include streams
and wetland fringes too narrow to map.
Be Stream beds and washes.
Those areas within the actual stream banks or
normal high water line without overflowing are termed as
the stream bed. This includes the gravel and sand bars,
mud flats, and saturated soils of perennial streams whether
vegetated or not and the bottoms of dry or intermittent
washes or gulches. These sites are frequently highly
unstable and where vegetated occupied by low serai and
often highly empheral plant communities.
Bd Basins.
Basins are bottomlands with limited or no surface
exterior drainage. Frequently these include a lake or playa
and slope gently to the peripheral fan or uplands.
Be Playas and intermittant lakes.
Playas and intermittant lakes occupy that portion
of a basin that is periodically covered with water. The
seasonally impounded water is usually accompanied by
distinct vegetation. Much of these areas are barren.
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С A l l u v i a l plains, fans, and terraces.
These features are formed from water!transported
and deposited materials. They occur at the mouth of streams,
the edge of h i l l s or mountains, at the edge of rivers, lakes,
and seas (both current and ancient), and f i l l i n g ancient
valleys.
Ca Bajadas and fans.
Fans are stream deposits at the mouth of canyons.
Bajadas are coalesced fans along mountain fronts.
Cb A l l u v i a l plains and valley fills.
Valley f i l l s are,as the name indicates.those
deposits that have fi l l e d ancient valleys. These leave
relatively level plains between h i l l s and mountain ranges.
Cc River terrace.
River terraces are ancient river beds and
floodplains. The first terrace may s t i l l be subject to
flooding. They lie immediately above the present river
bed and below fans or bajadas.
Cd Lake terraces.
Lake terraces are the ancient shore lines of
a lake. They contain depositional materials but show
evidence of wave erosion. The lake may or may not s t i l l
be present. Ancient inland sea terraces w i l l be s i m i l a r
but with more definite evidence of wave action.
Ce Marine terraces.
Marine terraces are located along sea and ocean
shores. They are usually highly eroded from wave and storm
action. They may also appear similar to stabilized sand
dunes.
Cf Pediments.
Although pediments are erosional features, they
are included within this class because of their appearance
and location. They occur along mountain fronts. They may
be indurated fans. They are erosional features upon which
soil may develop and/or alluvium deposited.
D Level to rolling uplands.
Two significant criteria are used to identify
level to rolling uplands. Slope angles must be less than
10 or 15 percent producing a landscape with a ro l l i n g
appearance. The key point is that vegetation does not
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D (Cont.) reflect changes in slope or exposure. The second criteria
is the location or position in the landscape. It must be
at a higher elevation than the surrounding topography.
Soils generally are residual and rock outcroppings are
common. Escarpments, colluvial or talus slopes often mark
the lower edge of the uplands. Some common landforms
included are benches, mesas, plateaus, and intermediate
h i l l s .
E Dunes, sandhills, beach ridges.
These areas consist of formations caused by sand
being deposited by either wind or water. These usually
exhibit the typical dune shape of ridge and swale complex
but may consist of a single ridge as in the case of beach
ridges.
Ea Active dunes.
Active dunes are those that are s t i l l shifting
with the winds. Barren areas w i l l be more common than
vegetated ones.
Eb Stabilized dunes.
Stabilized dunes lack evidence of recent shifting,
Vegetative cover of trees and shrubs is usually present.
F Slopes.
Slopes are ecologically significant when changes
in vegetation and/or soils correspond with the change in
slope. These changes can be either in relative exposure
or in slope angle.
Fa Exposed slopes.
These slopes are exposed to the prevailing winds
and/or insolation. The aspect of these slopes is predomi-
nantly southerly although they may range from west to
southeast. The sun's rays and the prevailing winds usually
have a desiccating effect during the growing season.
Fb Protected slopes.
These slopes are protected from the prevailing
winds and insolation. The general aspect is northerly but
may range from northwest to east. Evaporation and desicca-
tion is less than on adjacent areas.
G Patterned lands.
Patterned lands refers to an intricate mosaic of
two or more ecosystems in a complex pattern of local micro-
relief that can only be mapped or practically managed as a
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G (Cont.) unit. The component ecosystems are often extremely different
in their productivity and potential. They usually occur on
different soils and/or exposures. Patterned lands occur
over a wide range of macrorelief, landforms, and soil types
but are most common on uplands. Slopes are variable but
are usually limited to moderate to gentle slopes.
Ga Biscuitland complex.
Biscuitland refers to those cases where mounds
or "biscuits" of deeper soils occur over a background of
shallower soils. On uplands, the shallower soils are
usually scablands while on bottomlands these are often
smooth plains of shallower soils. These mounds often have
a complex origin. They may have originated from wind
and/or water deposits and affected subsequently by water
and/or wind erosion. The mounds usually support more mesic
vegetation while the shallower soils are either barren or
contain xeric vegetation. These areas are evidenced by
round or elongated to stringer type of deep soil mounds,
often evenly spaced or oriented in distinct patterns. These
sites are usually restricted to gentle or moderate slopes.
Gb Ridge-swale complex.
These lands consist of a tight complex of
elongated ridges and swales. The vegetation reflects the
differences in exposure and soils with different communities
on the ridges than in the swales. The pattern is usually
caused by a network of erosional drainages on gentle slopes.
Gc Pittedland complex.
Pittedland refers to an area with a relatively
smooth soil surface that is uniformly interspersed with
shallow pits or depressions. These pitted lands occur
in two types. First, a deep soil type where the larger,
more mesic vegetation grows in the pits while the higher
area has a more droughty condition with low shrubs and
sha 1 low-rooted species. The second type has a shallow soil
where the pits or depressions are devoid of vegetation or
have xeric vegetation while the upper area supports more
mesic communities.
H Rocklands.
The main characteristics of rocklands are a high
cover of rocks (usually greater than 50 percent) and sparse
vegetation. The soil accumulates in cracks, behind boulders,
and beneath rock rubble. Although the soil is usually
shallow, the vegetation, though sparse, is often lush and
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H (Cont.) productive due to microenvironmental factors. The classifi-
cation includes all kinds of rocklands with high stone cover
without regard to the type, size, or shape of the rocks.
Two basic types of rocklands are commonly encountered:
rubblelands and a combination of rimrocks and escarpments.
Characteristic plant communities are often unique to these
rocklands.
Ha Rimrock/escarpment.
Rimrock is exposed bedrock that occurs at the
breaking point between uplands and -lower tracts. The
escarpment is the associated cliff or steep slope. These
rocklands are combined because of their association to-
gether as well as the undifferentiated plant communities
unique to both of them.
Hb Rubblelands, talus slopes and scree slopes.
These are areas of accumulated rock rubble with
a minimum of exposed soil. The rocks and stones vary in
size and depth. Talus slopes refer to slopes usually
inclined at angles of approximately 35°, composed of sorted
gravel size and smaller. Soils and vegetation are often
absent or very sparse except for scattered pockets.
Frequently, the vegetation next to these rocklands
exhibit a zonation in response to changes in moisture
runoff from the rockland.
He Scablands.
Scablands are uplands with'very shallow, gravelly,
or stony soils. They contain a restrictive layer of bedrock
or hardpan. Scablands are a type of rockland that generally
occupies gentle to moderate slopes. They are of limited
productivity and the vegetation is relatively sparse. There
is a general droughty appearance with an absence of late
maturing species.
I Ridges.
Ridges are the convex portion of h i l l s , mountains,
and uplands above the slope tangent. This is usually the
breaking point between soil types and exposures. Often
this narrow crest w i l l be occupied by distinct vegetation
with the soils being shallow and droughty. This classifi-
cation should be used only where a distinctive ecosystem
is associated with the ridge lines.
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J Canyons, ravines, or arroyos.
A canyon is a steep-sided chasm or channel in
the earth's surface. The area consists of the steep slopes
on both sides of a narrow canyon. The vegetation usually
does not vary greatly between the two sides of the canyon.
The main factors influencing vegetation are the rockiness
and the steepness and proximity of the opposing canyon walls,
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LIST OF SCIENTIFIC AND COMMON NAMES
USED IN THIS REPORT
Scientific Name
Acacia spp.
Acacia constricta
Acacia greggi i
Acacia vernicosa
Adenostoma spp.
Agave spp.
Andropogon barb i nodi s
Arctostaphylos pungens
Atriplex spp.
Atri pi ex canescens
Atriplex 1inearis
Atriplex polycarpa
Ari stida spp.
Artemi s ia spp.
Baccharis glutinosa
Bacchari s sarothroides
Bahia'abs i nthi folia
Bouteloua spp.
Bouteloua chondros ioides
Bouteloua curtipendula
Bouteloua ejudens
Bouteloua eriopoda
Canotia holacantha
Celtis pal 1ida
Cercidium spp.
Cercidium floridum
Cerci di urn mi crophy1lum
'Cercocarpus spp.
'Common'Name
catclaw, whitethorn
whi tethorn
catclaw
whi tethorn
chami se
century plant, mescal
cane beardgrass
manzanita
saltbush
four!win g saltbush
desert saltbush
threeawn
sagebrush
desert broom
grama
sprucetop grama
black grama
hackberry, granjeno
paloverde
blue paloverde
foothill paloverde
mountain mahogany
Appendix C (Continued)
Scientific Name
Cereus giganteus
Chilopsis Ii near is
Coleogyne spp.
Condalia spathulata
Cupressus spp.
Da lea spinpsa
Dasy1i rion wheeleri
Echinocereus spp.
Encelia far!nosa
Ephedra spp.
Erythrina f label 1i form!s
Eurotia lanata
Fagonia chilensis
Fallugia paradoxa
Ferocactus spp.
Fouguieria splendens
Flourensia cernua
Franseria spp.
Franseria del to idea
Franseria dumosa
Fraxi nus spp.
Garrya wrightii
Gutierrezia sarothrae
Haplopappus laricifolius
Haplopappus tenuisectus
Hi laria be I angerf
H i l a r ia muti ca
Hi laria rigida
Hymenoc1ea spp.
Juniperus spp.
Kochia americana
Larrea tridentata
Common Name
saguaro
desert wi1 low
blackbrush
Mexican cruj i 1 l o
cypress
i ndigobush
sotol
hedgehog cactus
brittlebush
mormontea
coral tree
wi nterfat
apache-plume
barrel cactus
ocoti1lo
tarbush
bursage
triangle bursage
white bursage
ash
s iIktassel
snakeweed
turpentine bush
burro goldenweed
curlymesqui te
tobosa grass
big galleta grass
burrobrush
juniper, cedar
creosote bush
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L ippia wrighti i
Lycium spp.
Mammi1lari a spp.
Mimosa biuncifera
Mortonia scabrella
Muhlenbergia pauciflora
Muhlenbergia porter!
Noli na mi crocarpa
01neya tesota
Opuntia spp.
Opunt ia bigelovi i
Opuntia fulgida
Opuntia spi nos ior
Parthenium incanum
Perezia nana
Pinus spp.
Pi nus eduli s
Platanus wright i i
Pluchea seri cea
Popи 1 us spp.
Populus fremonti i
Prosopi s ju l i flora
Quercus spp.
Quercus oblongifolia
Quercus pungens
Quercus turblnella
Rhus microphylla
Rhus trilobata
Sarcobatus vermi culatus
Simmonds i a chi nens i s
Sporobolus ai roides
Common Name
Wright 1 ippia
desert!thor n
pincushion cactus
wai t!a!minute
mortonia
New Mexico muhly
bush muhly
beargrass
i ronwood
cholla, prickly pear
teddy bear cholla
jump!ng cholla
cane cholla
ma r i о 1 a
pine, pinyon
pi nyon
Arizona sycamore
marsh!fleaban e
cottonwood, poplar
Fremont cottonwood
mesqui te
oak
Mexican blue oak
sandpaper oak
scrub 1ive oak
sumac
skunk bush
greasewood
jojoba
alkali sacaton
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Sporobolus wr i ghti i
Tamarix'pentandra
Trjdens muti cus
TrIdens pulchel1 us
Yucca spp.
Yucca baccata
Common Name
Wright sacaton
tamarisk, salt cedar
sl i m tridens
f luffgrass
yucca, soapweed, datil,
spanish-bayonet
blue yucca, banana yucca

